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COVER STORY
Vegetable oil prices are still correlated with energy
prices (Brent crude) as a price band (Fry) due to usage
in biodiesel/biofuels, even if these are on the wane
due to changing perception on climate as well as the
fall of petroleum prices precipitated by cheap supplies
of US hydraulic fracking oil and gas. The expansion
of soybean acreage in S America had led to excess
production of vege oils. The expected recovery of
palm oil supplies after the El Nino drought has been
slow and in a way slowed the fall in prices (Fry). The
continuing yield improvements of most agricultural
crops excepting oil palm have kept prices of agricommodities low despite global demographics and
GDP increases; but prices have reached intrinsic levels
subject to costs of production (Chandran).
The oil palm in Malaysia is in transition as the nation
advances to a “high income” status and has to manage
guest workers for the plantations. This is at a time
of rapid expansion of oil palm in Indonesia and the
unfortunate El Nino forest fires had a negative impact
on palm oil’s reputation. Efforts are now focused on
increasing average yields for the oil palm which at
3.9 tonnes/ha/yr is still below the 6-7 tonnes of RSPO
leaders and far below the 18 tonnes theoretical yield
(Lee; Chandran; MOSTA). The promise of genomic
revolution has to be exploited for the oil palm
(Rajinder Singh) while the annual crops have moved
on to benefit from GM to the disruptive gene-editing
technology. However the full potential for the oil palm
has not been fully exploited (Teo; Rajinder Singh)
and commercially available palms are now being
produced with various useful traits (semi-dwarf, high
yields, better architecture as well as drought/disease
resistance). Oils with desirable fatty acid compositions
have become available with hybrid palms.
The occurrence of trace contaminants (3-MCPDE and
GE) in refined palm oils had created a serious challenge
to the industry (Choo; MOSTA). Mitigation is feasible
with minor improvisations of CPO washing, lower
degumming/bleaching temperatures and controlled
stripping and deodorizations. As the final solution lies
in the production of better quality CPO (low FFA &
impurities) proposals have been made to the industry
(Choo; Chandran; MOSTA).
Acknowledgements: Pictures and graphics are from AAR and
J Fry
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EDITORIAL POLICY

INFORMATION

MOST is a regular bulletin devoted to furthering
the objectives of Malaysian Oil Scientists’ and
Technologists’ Association. This is to promote interest
in all aspects of oils and fats in Malaysia, regionally
and worldwide. Articles of interest could be directed
to the layman, technologist, scientist, researcher or
the entrepreneur. News of the association’s activities
and developments in oils and fats will be routinely
published.

ARTICLES: Contributions are invited for feature
articles, news items, newsletters, letter to the
editor, general articles, research papers, review to
the community involved in oils and fats including
business managers, chemists, engineers, scientists,
technologists and other personnel involved in various
commercial aspects of oils and fats. All articles will
be refereed and suitably edited before publication.
Letters to the editor are also acceptable after editing.

The views expressed by the contributors are not
necessarily endorsed by MOSTA. The editorial board
and the referees would do their best to ascertain
authenticity and accuracy of information on all articles
and MOSTA reserves the right to alter or to omit any
article or advertisement submitted. No responsibility
is accepted by the association, the editor or the printer
for the accuracy of the information contained in the
text and advertisement. MOSTA requires indemnity
from advertisers and contributors against damages
which may arise from materials published.

FORMAT: Instructions to authors may be obtained
from the Editor or recent issues of MOST may be used
as examples. General instructions are similar to the
format required by major international journals and
include the following: TITLE, Abstract, Text with major
headings (Introduction, Materials and Methods,
Results and Discussion, Acknowledgements and
References). Abbreviations, symbols and units used
are as by the best of international journals. In addition
to a hard-copy, authors are encouraged to send with
their papers as attachments in e-mail for easy editing
using Word or other common IBM-PC software.

All materials in MOST are copyright and should not
be reproduced wholly or in part without the written
consent of the editor.
Materials for publication should be submitted
directly to the editor and would normally require two
month’s editorial/refereeing work prior to publication.
Guidelines of formatting of technical material may be
obtained from the Editor. Web editions are promptly
published after editing.

DEADLINES
Deadlines for publishing edited versions and
advertisements are 20 days before the publication
dates of each volume.
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ADVERTISEMENTS: Advertisers are welcomed to
place their Ads, which will be printed at reasonable
cost, in this publication.
SUBSCRIPTIONS: Individuals and libraries may
subscribe to this publication.
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Editorial

Synchronous, Global Economic Recovery
After a decade of living with the post-crisis stress
syndrome due to the 2007 financial crisis and the
anticipation of the next fall of the sword of Damocles,
a sudden change took place in 2017 ignited by the US
President’s promises. The creeping records set by the
DOW and S&P500 in 2017 have presaged the recovery
of the world economy. US corporations are coming
home to enjoy low taxation on the back of the 4th
Industrial revolution’s optimistic promises (Chandran;
Tek). Finally things in the developed world are starting
to change: people who have dropped out of the
workforce are coming back, homes sales are up and
there are more IPOs. There are some great investment
trends: automation, electric cars and batteries, cryptocurrencies and AI applications. Optimism might be just
getting overly pervasive as some FAANG companies
are on the way to trillion dollar corporations.
The Baltic dry index has bottomed out in early 2017
indicating global trade (shipping) is recovering
corresponding to a world economic recovery. The VIX
index (S&P500 fear guage) is at record lows indicating
volatility is dead or that complacency reigns and the
way is paved for a melt-up of stock prices. Faith in new
technology allows computer-driven programmes for
investing and trading with supposedly measured and
managed risks. This time is “different” as hints of worry
from the herd disappear in the winds of change.

Digital Economy
The digital economy is fast, furious and disruptive and
causes the replacement of workers and manufacturing
with new unpredictable ones. This is in contrast with
the ICT economic revolution which took more than
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half a century, starting with telegraph communication,
then progressed from telcos to the internet (Ng). It
was a time when industrialized countries which had
benefited from earlier centuries of industrial revolution
are upgrading to cleaner technologies as information
technology in combination with globalization allowed
some of the developing world to catch up with
industrialized economies. Education, training and
adoption/adaptation of skills allow uplifting of the
masses to industrial manufacturing jobs while the
already educated or with experience can be absorbed
into the knowledge economy and services. The digital
age is different and less accommodative of education/
training or even experience (Tek) as intelligent
automation not only means less employment
advantage for the traditional educated but also those
displaced will find it difficult to retool for re-entering
the workforce.
Rudimentary elements of Industry 4.0 have been
evident in the management of large estates (Lee;
Chandran; MOSTA) with the availability of inexpensive
drones and computer technology. The health of palms
and their yields can be monitored with precision
to small plots and even to individual palms so that
corrective measures (fertilizer application or pest/
disease control, etc) can be quickly made on the
ground. Portable electric harvesting tools have
improved productivity but remain limited for short
palms. Mechanised harvesters and fruit transporters
are available but are limited by high cost and
applicability to difficult terrains. Thus, mechanization
of plantations (Industry 1.0!) will have to await for the
widespread availability of low-cost electric vehicles/
devices and meanwhile buffalo-cart models remain
useful for fruit transportation over all types of terrains
(MOSTA, Chandran).
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The digital economy also disrupts values of employment. Once professional and work experience and
networking built up over years in specialized areas of
work are highly valued by companies, but now costeffective substitutes (Tek; Ng; Rothflug) are depended
on as machines become ubiquitous. Powerful computers or their size of memories and the availability of
complex programmes are now depended on as the
machines can analyse massive historical and spatial
information automatically and make instantaneous
decisions continually.
Even as the green revolution is fading with climate
and demographic changes creating new worries,
a new optimism has appeared in the genomic
revolution (Rajinder Singh; Teo) boosted by digital age
in processing massive genome data. Opportunities
for crop improvements in yields, quality and other
beneficial traits have opened up limited only by
abilities and efforts of innovators and decision makers.
It is predicted that AI when fully adopted and
integrated into the nation’s economy will increase
labour productivity and growth of each nation. Many
aspects of AI have matured to be useful for senior
management as data collection and data analytics are
better performed by machines working non-stop while
workers can focus on innovation and solving problems
of worker shortage and ageing demographics. It is
also estimated that AI can halve the time required
to double a nation’s economy to just within 13 years
from the previous 22 years relying on internet
knowledge economy.

The rest of the world rushes to join the euphoria as
not-to-miss-out before the music stops. Stocks are
moving only up with volatility dead and forgotten as
it is a time of sanest investment environment. With no
significant pullbacks of the market indices a continued
melt-up of stocks seems obvious for the immediate
future. The continued march of FAANG stocks towards
trillion dollar levels come from promises of the power
of technology and new investment creations with the
magical block-chain word, e.g. crypto-currencies.
Bubbly grey swans are becoming illusionary under
the cover of high technology as computerized trading
programmes provide hypnotic influence over both the
savvy as well as the herd. The proliferation of intelligent
computers for investing makes things “different” this
time as risks are assured to be measured and managed.
The digital age changes old values and provides
new expectations.
STOP PRESS. The US stock market has corrected
in early 2018 following the bursting of the Bitcoin
bubble run and the rest of the world are not spared.
Greed has turned into fear and volatility and
uncertainty have returned (Chandran) while the
world has to digest the complex and ambiguous
economic consequences. The debt problems of
major economies remain with asset prices supported
by central banks’ expansionary policy while
“normalization” of inflation and raising of interest
rate in maturing markets would mean volatile and
uncertain times. The new Fed chairman is depended
upon to provide solutions hopefully beneficial to all.

Grey Swans
The once-feared black swans have faded into lame grey
swans in a new wave of global economic optimism.
The US FED had long tapered QE and have started
deleveraging bond holdings accumulated in the years
of several QEs. Meanwhile the EU and other central
banks are duplicating US in QE while Japan has gone
further in directly buying into the NIKKEI.

Abbreviations. AI = artificial intelligence; FAANG = Facebook,
Amazon, Apple, Netflix and Google’s Alphabet; FED = Federal
Reserve, the central bank of the US; ICT = information and
communications technology; IPO = initial public offering; QE
= quantitative easing
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Key Factors in Today’s
Oils and Fats Market
James Fry
LMC International, UK
[Presented to the Globoil Conference 2017, India]

Introduction: Key Influences On The Market Today
Weather is very topical right now, with floods from here
to the Americas. So I start by reviewing where we are
in the El Niño/La Niña cycle and its impact on palm oil. I
then take this forward, outlining our latest forecasts of
palm oil output into 2018. The other highly topical issue
today is biofuel policy in three vital markets: the EU, US
and Indonesia, and therefore, I explain what I see as
the key issues today. Before getting into details, I must
make an important point. In supply-demand terms,
US and EU on/off biodiesel anti-dumping barriers are
a zero-sum game. One extra tonne of EU imports from
Argentina means displacing a tonne of local supply.
Instead of importing oils to make biodiesel locally, it
is imported directly. EU palm oil imports for biodiesel
manufacture will be among the more obvious losers.
With zero-sum games there are winners and losers. US
anti-dumping duties lift CBoT soy oil but are negative
for FOB prices elsewhere, as foreign biodiesel suppliers
divert their exports elsewhere, possibly as oil, rather
than biodiesel.

We Have Entered A Frothy Period In The Market
I stress the zero sum nature of the present excitement
about biodiesel trade barriers because the market
is reacting to the news as if it is good for everyone. I
find equally irrational the recent bullishness about
reports of a sharp fall in CPO output in Malaysia in
early September. Have people forgotten that the
country had three consecutive weekdays of national
holidays, including one extra one added at the last
minute? Presumably, as with the slowdown associated
with the Ramadan and Eid period, the lost output will
be made up later. Likewise, when the market does not
like a bearish tone to USDA crop forecasts, it decides
to discount them. It is dangerous when markets react
58

only to the bullish aspects of news. I will try to present
a more balanced view today.
A last point: since 2007 biofuels have kept vegetable
oils trading in a price band above crude oil. In my first
diagram, you will see that this remains true. Thus,
Brent prices are the starting point for vegetable oil
price forecasts. I assume that, once the US gets over
Hurricane Irma, Brent will trade at $50-$55/bbl, which
satisfies US shale oil producers, with their impressive
new disruptive technology. Brent at $50, rather than
$100/bbl., explain why vegetable oils haven’t regained
since 2014 the levels of well above $1,000 per tonne,
despite low stocks of oils (Fig. 1).

$100 per barrel
$50 per barrel

Figure 1. Brent crude remains at the floor price to the EU
oils price band

Figure 2. The 2015/16 El Niño was in line with the last
major El Niño
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Weather and the Palm Oil Production Cycle
The recovery after the El Niño can be seen in palm
oil supplies (Fig 2) but La Niña never really followed
after it, nor did a possible second El Niño. Year-onyear monthly growth in Malaysian output has faltered.
The 2017 year-on-year monthly growth in Malaysian
output lags behind the 1999 El Niño drought (Fig. 3).
This year CPO output will only just get back to 2015
levels, but the rolling 13-month year-on-year changes
in output show good growth continuing in 2018
(Fig. 4).

on 2015), but the ONI climate index points to future
decent rains and so CPO output growth is assured as
we go into 2018.
Among seed oils, Asian output, notably of rapeseed
on China, is dismal; but the world now looks to South
America, the Black Sea and Canada for exports. As of
now, North American and European crops seem fine,
with good news in some areas offset by bad news
elsewhere. In many respects, the key question is what
is happening to the demand for soymeal, with oil as
the by-product. China’s appetite for pork and chicken
is insatiable; therefore its indirect imports of soy oil in
beans are still accounting for a growing share of the
country’s oil needs.
So, the supply of oils is set fair. The next question is
what is happening to demand.

Biodiesel Demand and Policy Shifts

Figure 3. Year-on-year growth in Malaysian CPO
output has not recovered like the previous 1999
El Niño drought

On biodiesel mandates and trade there are
developments in Indonesia, the EU and US. Indonesia
had in place the automatic stabilizer in its biodiesel
mandate. The volume of biodiesel subsidized by the
Indonesian CPO Fund moves in the opposite direction
to the CPO-crude oil spread, thus acting as a price
stabilizer (Fig. 5). This plots tradeoffs of the mandate vs
FOB CPO at $55 Brent, with $750 to spend.
Indonesia’s “mandate” is limited by the high CPO price.
The CPO Fund faced pressure not to drive up cooking
oil prices during the Ramadan/Eid period this year, and
thus the stabiliser ceased to operate (Fig. 6).

Figure 4. Growth in CPO output will continue until
end-2018

The Story So Far on the Outlook for Oils Production
As the world’s major oil, palm leads the way on the
world market. The conclusion from the slides I have just
shown you is that CPO output is recovering from the
devastating impact of the El Niño drought. The upturn
is not as fast as predicted (indeed, 2017 Malaysian
output will be down around half a million tonnes

EU biodiesel supplies show the impact of import
barriers; anti-dumping measures boosted local
biodiesel output (Fig. 7). Total EU demand has actually
fallen since its peak in 2012 but is boosted by the
growing importance of waste oils and fats (Fig. 8).
Reported mandate totals actually rose due to “double
counting” as biofuels from used cooking oil (UCO) and
waste animal fats.
Imports are now a major source of biodiesel for the
US but uncertainties about the renewal of tax credits
lead to Q4 spikes in supply (Fig. 9). Imports reveal
Argentina’s significance. The US is an Argentina
biodiesel market for over 200,000 tonnes per month at
the peak (Fig. 10).
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Figure 5. Indonesia’s mandate provides an automatic
price stabiliser

Figure 9. US biodiesel is supported by imports with
year-end uncertainties

Figure 6. Subsidies and actual biodiesel sales

Figure 10. Argentina is a major exporter of biodiesel to
the US

The Outlook for Biodiesel

Figure 7. EU biodiesel production and net imports
determined by import barriers

Indonesia’s CPO Fund uses export levies from
producers to finance subsidies on local biodiesel sales,
bridging the gap between the costs of local biodiesel
and imported gasoil. As this gap grows (when CPO
moves further above Brent), the amount that can be
subsidised shrinks, reducing upward pressures on CPO
prices and acting as a price stabiliser (and thereby
reinforcing the price band). However, we saw earlier
this year that pressure not to add to demand during
times of peak local cooking oil consumption led to a
temporary cutback in the mandated amounts.
EU data reveal that its use of biodiesel has actually
fallen since 2012; yet its mandated quantities rose. This
paradox arises because biodiesel made from “waste
products” has a double weight; 1 litre counts as 2 in
filling the mandate.
Argentina has been sending the US over 200,000
tonnes of biodiesel in some months. If the US applies
anti-dumping duties, this will boost US demand for

Figure 8. Feedstock demand for EU biodiesel shows
increasing use of waste oils
60
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soy oil for local biodiesel production, with knock-on
effects throughout the world soy sector.
Argentina may be able to switch this biodiesel from
the US to the EU, but we must not forget that, without
an actual rise in final biodiesel demand, this is a zero
sum game. Argentina’s switch will displace other oils
now used in EU biodiesel output.

The Outlook for Palm Oil Stocks and Prices
Prices are influences by supply (stocks) and the oils
price band (Fig. 1). There is a relationship between
stocks and the CPO-Brent spread. The premium falls
when stocks rise and vice versa (Fig. 11). So, what next?
Stocks will rise further, forcing down the CPO premium.
The rise in stocks would be expected to reduce the
premium by over $100.

and changes in export taxes, but BMD futures should
fall below MYR2,400 at the low point. CPO’s discount on
other oils will widen until Nov-Dec as stocks peak and
import demand weakens during the winter period.
Sunflower oil will remain the most price competitive
alternative in the EU market over the next six months.
In the background, the arrival of Argentine soy biodiesel
in the EU will displace some palm oil and rapeseed oil
from use in EU biodiesel production, pushing the palm
oil back to Asia and shifting some sunflower oil out of
EU food markets.
With this mention of sunflower oil, I thought you might
like to see this last slide (Fig. 12), which demonstrates
how it has risen in importance in this region.

Figure 11. Relationship between stocks and the CPO
Brent spread

Figure 12. Sun oil imports in relation to CPO prices

Implications for Prices

Abbreviations. bbl = barrel; BMD = Bursa Malaysia
Derivatives; $ = US$; CBoT = Chicago Board of Trade; CPO
= crude palm oil; EU = European Union; FOB = free on
board (responsibility for goods until leaving a specified
point); MPOB = Malaysian Palm Oil Board; ONI = Oceanic
Nino Index; OPEC = Organisation of Petroleum Exporting
Countries; PKO = palm kernel oil; Q = quarter; UCO = used
cooking oil

The logic of the link between stocks and prices means
that the rise in Malaysian palm oil stocks by endNovember should reduce EU CPO prices by almost
$100 between last month (August, when it averaged
$674) and November-December. Malaysian futures
prices will be affected by the strength of the Ringgit
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Recipe
for High, Sustainable
Oil Palm Yields
KEYNOTE ADDRESS:

Lee Oi Hian
[Presented at MOSTA Oil Palm Best Practices Workshop 2017, 12-14 September 2017,
Ipoh, Malaysia]

Introduction

The Key Issues

Let me begin by first congratulating MOSTA, led by
your energetic, youthful Tan Sri Augustine Ong and
his dedicated, evergreen Committee Members for
successfully organising this much needed Workshop,
with the singular objective of achieving high
sustainable oil palm yields. I am honoured to be asked
to give my thoughts on this critical topic and humbled
to do so, as KLK has yet to achieve these sustainable
high yields.

As per the Conference’s theme, I will just focus on our
urgent need to increase both our oil palm yields per
hectare and labour productivity. Our very survival
depends on us overcoming these two big challenges,
as the alternative is a gradual migration to a sunset
industry, just like rubber in Malaysia.

All of us are very familiar with the massive challenges
that our industry faces, just to name a few:
• Shortage of labour and skilled workers
• Unavoidable rising labour wages
• Need to adhere to environmental, labour,
social obligations
• Negative perception of palm oil by consumers

Looking at the reported yields per hectare of four
major plantation groups in Malaysia over the last 5
years, the trend was relatively flat (Fig. 1). We have
not made major progress, which may be partly due to
labour issues.
Contrast this with the significant progress made by the
genetically modified oilseeds – an example is the US
soyabean yields in bushels per acre. Over the last 5
years, their soyabean yields have increased 20% from
44 bushels to as high as 53 bushels. Even this current

Figure 1. FFB Yields of major Malaysian estates
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2017 with sub-optimum conditions, the average yields
are forecast at 49.4 bushels per acre by Oil World.

better results. Stamina and persistency are needed
in this journey. MOSTA’s programme for these 2 days
covers a comprehensive range of technological and
scientific skillsets, by speakers much more qualified
than myself, critical to productivity.
I can only suggest some pointers for all of us to evaluate,
consider, improve upon and execute. This can never
be an exhaustive list as I am sure your experiences can
generate even better ideas.

(1) BHAGS (Big Hairy Audacious Goals)
Figure 2. US Soybean production and yields

On top of the huge progress made in yields, GMO
crops are now modified for desirable nutritional traits,
like high oleic to emulate palm oil’s better frying
properties.

Borrowing the idea from Jim Collins’s book, have you
set your targets high enough within a specified time
frame? (Fig. 3). BHAGs can be for the whole estate,
individual fields, first year of maturity, etc.

Our scientists and breeders have always stated that our
current planting materials are capable of producing
in excess of 35MT FFB per hectare per year; even the
previous generation materials were capable of more
than 30MT. Yet, our country’s national average is a
dismal 19 MT.
Is it because the industry has been lulled into false
comfort of our inherent advantage of palm producing
many times oil per hectare than competing oilseeds?
Or are we comforting ourselves with miniscule trial
results of more than 8 MT/ha palm oil being achieved?

Figure 3. Big hairy audacious goals (BHAGs)

As success begets success, GMs and Managers need to
detail the necessary agricultural policies and resources
as a guideline to achieve these goals.
Ownership of these goals lies with the team.

So what is the problem?
So if our current ways of management and execution
are not producing the results we desire, of course
compounded by labour shortage, this calls for an
urgent review of our ways and methods, of an industry
in need of rejuvenation.

A Possible Way Ahead
Presumably, we already have the hunger, passion and
pride and can carry out the basic practices of good
harvesting and crop recovery, fertilisation, drainage
and pest and disease control in wanting to produce

(2) DNA and Culture
Again, Jim Collin’s principle “right people on the bus”
(Fig. 4).
Effective managers:
Professional, integrity, governance
Resourceful, independent and cost effective
Open, broadminded, humble
Key man
Importance of no fracture in unity of the team,
especially between GMs and Managers.
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Figure 4. DNA and culture

(3) Building Teams
• Very often, we hear lamentation on the quality of
current day assistants, staff, workers, etc. unlike
before. Training of your team lies with you (Fig. 5).
• Define clear objectives, goals and strategies

• Development of a good team spirit, attitudes
• Compassion to
workers’ welfare

and

look

after

• Harness a team that there is “buy-in” for your plans

• Ability to motivate, care, share fellowship and gain
respect of your team

Figure 5. Building teams
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(4) Organise Better (Fig. 6)
We too lament on the shortage of workers, which
probably will be more acute in
the days ahead.
With better planning, an estate can be at least 10%
more efficient. Hence, ability to plan, organise, train
workforce and supervision to execute well are key
roles of management.

• On productivity e.g. spraying
• Best techniques
• Managing resources during high peaks and low
seasons
• Identify good performers, rewarding them and
weeding out the incorrigible

Figure 6. Organise better

(5) Be Detailed (Fig. 7)
Thoroughness, uniformity, consistency of plantings
and work quality are the foundation of a well-run
estate.
• Systems to ensure thorough checking and
supervision
• Using IT technology like GPS, drones
• Power of observation
• “Best fertilisers are a manager’s footprints”
• “Every palm, Every time, Everywhere”

As managers, agronomists, planters and leaders in
the Industry, we need to keep on thinking, searching
and innovating to improve our systems, methods
and techniques, and use improved equipment
and technologies to improve our productivity
and efficiency. Finally, our performance evaluation and
reward system must also change to reflect progress
of the players and move from the traditional seniority
based. Leadership, Ownership and Responsibility
for significantly improved high and sustained yield
performance belong to you Managers. Time is not on
our side.

Figure 7. Be detailed
Reference: Jim Collins (2015) Built to Last: Successful Habits of Visionary Companies. Harper
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Advances In Oil Palm
Genomic Research
Rajinder Singh
Advanced Biotechnology & Breeding Centre, Malaysian Palm Oil Board
[Presented at MOSTA Oil Palm Best Practices Workshop 2017, 12-14 September 2017,
Ipoh, Malaysia]

Introduction: Oil Palm, The Golden Crop
The oil palm remains the most productive oil crop
planted on only 5-6% of the total world vegetable
oil acreage and yet accounts for 45% of edible oil
produced worldwide. It remains the backbone of the
agriculture industry in Malaysia and Indonesia (Figs. 1
& 2).

World Farmland Area to Peak: Projected Global Arable Land
1961-2060
This is illustrated in the graph (Fig. 3) where much
arable land is lost to (a) erosion, (b) urban reclamation
of agri-land, (c) salinization and (d) other factors
[Ausubel et al, 2013].
However, land productivity is improving if area to
produce fixed crop amount is charted over the years
1961-2012 (Fig.4). Land productivity has clearly been
on the rise. At present you get the same per unit of
output from ~30% of the land that would have been
required in 1961.

Figure 1. Ripe palm fruits and Tenera oil palm

Technological Innovations That Have Impacted
Agriculture
Industrial revolutions, the green revolution and
technological innovations have impacted agricultural
productivity. Among these are mechanization, use of
fertilizers, pest and disease management, breeding
practices and biotechnology (including genomicsbased tools). In the past 50 years, we have managed

66

Figure 2. Small holders of the oil palm industry

Malaysian Oil Science and Technology 2017 Vol. 26 No. 2

ADVANCES IN OIL PALM GENOMIC RESEARCH

to use 68% less land to produce the same amount of
food with:
•

Better technology

•

Larger more efficient farms

•

Switch to more productive species/elite lines

Oil Palm
Today:
Malaysian
nat. avg.
(3.9 t/ha/yr)

Oil Palm Future
14 t/ha/yr ?
Theoretical
yield 18 t/ha/yr

How Can We Improve Oil Palm Yield Sustainably?
As with most of the annual crops, the oil palm can be
made to improve yields sustainably as shown in Fig. 5.
Production of High Yielding
Planting Material

Seedderived

Tissue
culturederived

[Ausubel et al, 2013]

Figure 5. Strategy to improve oil palm yield
Figure 3. World’s arable land has peaked

Advanced Biotechnology & Breeding Centre of
MPOB: Research Strategy
Core activities will be in breeding and tissue culture
(Figs. 6 & 7).

1.00

Soybean
today

1961

0.32

2012

Figure 4. Increase in productivity helps in reducing
land use

Long term Genomics/Post Genomics research will
be to improve oil yield to 9 t/ha/yr from the present
national average of 3.9 t/ha/yr. Although yields have
been lagging other oil crops, there is still a lot of
scope for improvement for replanting old palms with
presently available higher-yielding materials and also
through better management practices. It is also critical
to be able to produce Ganoderma disease-resistant
palms. For the future architecture of the oil palm,
breeding will be for high bunch index (0.6) and low
height increments (<30 cm/yr).
Genetic engineering will be for modifying fatty acid
composition (e.g. for more oleic acid ~60%). The
non-food market, e.g. oleochemicals, will need other
specific fatty acids.
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Figure 6. Breeding for better oil palms

Figure 7. Tissue culture research for clonal palms
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Challenges in Increasing Oil Palm Average Yield

Oil Palm Genome Programme

Conventional breeding remains important for yield
enhancement. However traditional breeding remains
hampered by long selection cycles (10-12 years), large
land requirements (140 palms/ha) and high cost in
conducting breeding trials. Genomics is important here
and has been employed to facilitate breeding trials
and overcome issues land shortage and long breeding
cycles. Selection of desired traits by genomics and
improving tissue culture can facilitate breeding and
commercial growing programmes.

Recently MPOB sequenced and released the
E. guineensis and E. oleifera genomes (http://genom
sawit.mpob.gov.my) as summarized in Fig. 8. The way
is open to use genomics to facilitate the breeding
programmes and to adopt new genomic tools as more
important genes are being discovered. The SHELL and
VIRESCENS genes have been elaborated recently and
practical tools can be used to eliminate lower-yielding
Dura from new Tenera plantlets. In breeding and
tissue culture, the KARMA epigenome phenomenon
has been detailed and genomic tool to eliminate
most of pathenocarpy problems of fruit mantling
from previous clonal palms at the nursery stage. This
is another example where genomics can assist in
breeding for elite clonal palms.

Agricultural Genomics – The Next “Green Revolution”
Agricultural genomics is the application of genomicsbased tools to improve crops and livestock. There
has been many success stories in the application of
genomics to annual crops and animal husbandry. This
will only accelerate with the disrupting technology of
gene-editing.

TISSUE CULTURE
CONFORMITY (KARMA)
16

15

VIR

14

DE

11

F1

• >34,802 Genes
• >57% Repetitive Elements
• Ancient Tetraploid

2

SHELL
GENE

Sh

13
12

1

3

10

SureSawit™ KARMA

4

9
8

5
7

6

SureSawit™ SHELL to differentiate
Dura, Tenera and Pisifera
Figure 8. Summary of recent progress in MPOB’s genomic research on the oil palm
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Figure 9. Sequencing the oil palm genome

Social And Economic Impacts
Teams from MPOB and Orion Biosains are involved in
replanting of palms of smallholders as illustrated in Figs.
12 & 13. There are observable economic gains in the
use of SHELL genome data using SureSawit™SHELL
to eliminate unwanted palms at the nursery stage.
Quantifying non-Tenera palms and Shell mutations in
commercial plantings are given in Figs. 14 & 15.
SureSawit test kits allow planting with precision, e.g.
palms for virescens fruits (Fig. 16) and eliminating
mantled fruits (Figs. 17 & 18). A summary of desirable
agronomic traits targeted for genomic studies is given
in Fig. 19.
Figure 10. Genes of the oil palm genome

Figure 11. DNA test used to select for Tenera palms
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Figure 12. Replanting in smallholder estates

Figure 13. Estimated economic gains in the application of SHELL genome data
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Figure 14. Quantifying non-Tenera rates

Figure 15. Shell mutations observed in commercial
planting materials

Figure 16. Fruit colour test with SureSawit

Figure 17. Tissue culture of elite planting materials: 1020% increased yield

Figure 18. SureSawit test for tissue culture mantling

Figure 19. Desirable agronomic traits
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Progress towards achieving one of the targets, e.g.
improving yield, is summarized in Fig. 20. Genome
mapping allows linking markers to yield components
through association mapping (Fig. 21). Special interest
is in developing palms with low height increment and
high yield (Fig. 22). Further improvements of dwarf
PS1.1 palms are by genomic selection (Fig. 23).
Genomic solutions are being investigated to help in
the Malaysian oil palm industry (Fig. 24) because of the
present challenges of labour shortage, land shortage
and sustainability issues.
Figure 20. MPOB Strategy for improving yield

Figure 21. Linking markers to yield components through
association mapping

Figure 22. Developing palms with low height increment
and high yield

Figure 23. Further improvement of PS1.1 palms via genomic selection
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Shortage of labour
Land availability
Sustainability

Figure 24. Genomic based solutions to overcoming challenges to the oil palm industry
Acknowledgements. MPOB’s team of Advances Biotechnology
& Breeding Centre and Orion Genomics
Abbreviations.
AVROS = Algemene Vereniging van
Rubberplanters ter Oostkust van Sunatra; Bln, BN = billion;
Chr = chromosome; DNA = Deoxyribonucleic Acid; Dy =
dumpy; EWAS = Epigenome Wide Association Studies; FW
= fruit weight; GDP = gross domestic product; GNI = gross
national income; HT = height; MADS-box genes = acronym for
4 organism families with common genes; M/F = mesocarp to
fruit; MPOB =Malaysian Palm Oil Board; O/B = oil to bunch; OY
= oil yield; QTL = quantitative trait loci; RefSeq = The Reference
sequence database of NCBI; RFLP = Restriction Fragment
Length Polymorphism; RNA = ribonucleic acid; RRBLP = ridge
regression Best Linear Unbiased Prediction; SNP = Single
Nucleotide Polymorphism; SSR = Simple Sequence Repeat; t/
ha/yr = tonnes/ha/yr
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Introduction
A definition of High and Sustainable may be as follows –
“High yield and remain high without depleting natural
resources, profit and human energy”. It is challenging
to achieve sustainable high yields nowadays. The
scope of this presentation will cover: 1. What are the
challenges for high, sustainable oil palm yields? 2.
What are the remedies offered by planting materials?
3. What germplasm and breeding lines are available? 4.
How do breeders handle this challenge?

Challenges and Constraints
As planters, high sustainable oil palm yields are
always desired. However, there are stumbling blocks
to realize this goal. Some of the major constraints
are labour scarcity, pest and disease attacks, rising
cost of fertilizers, and more frequent occurrences of
droughts and floods. These issues not only hinder oil
palm from reaching its potential yield, it also increases
management cost and expenses. Hence, planting
materials that could help planters to cope with these
constraints are highly desired.
Planting materials that support high, sustainable oil
yield are designed to have useful traits: (a) high FFB and
OER, (b) ease to harvest, (c) pest and disease resistant,
(d) good nutrient-use efficient, and (e) resilient/tolerant
to environmental stresses.

Let us zoom into traits that are harvesting friendly
(Table 1). Among these are short height, thin petiole
and long stalk, from which bunches are easy to harvest
and would allow for mechanization. Being short and
compact, their economic lifespan could be extended
and thus delay replanting.
The other useful traits are non-abscission fruits,
virescens fruit colour and low lipase. With these traits,
harvesting round could be reduced from 14 days to 30
days and ensuring only bunches with optimal ripeness
are harvested for the highest oil quantity and quality.
Over the years, a lot of breeding efforts have been put
in to breed for high yields, short and compact palms.

A Semi-Dwarf High Oil Yielding Palms
AAHybrida IS, a commercial semi-dwarf high oil
yielding palm developed from the Dumpy Yangambi
AVROS by Applied Agricultural Resources Sdn. Bhd
(AAR) in year 2000s and is available as semiclonal seeds
since 2012. The genetic lineage is shown in Fig. 1.
AAHybrida IS shows slow height increment of 47 cm/
year (Fig. 2). Palms are compact with shorter fronds as
shown in Table 2.
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Table 1. Useful traits that are harvester-friendly

Useful Traits

Benefits

Short height and thin petiole

Ease to harvest, extend economic lifespan, delay replanting
– AAHybrida IS
Ease to harvest, allow mechanization
Reduce harvesting rounds from 14 days to 30 days
Ease to harvest at optimal ripeness for highest oil content and quality
Maintain oil quality after harvest

Long stalk
Non-abscission fruits
Virescent fruit type
Low lipase

Table 2. Comparative frond lengths of 3 palms

Frond length (cm)
DxP Dumpy Yangambi-AVROS
DxP Dumpy AVROS
Other

8 years old
549.6
576.8
591.8

12 years old
584.9
602.3
609.3

Improvement in FFB yield is evident with higher bunch
number of medium bunch weight (Fig. 3) to buffer for
environmental stresses. Hence the FFB yield of Dumpy
Yangambi-AVROS is superior than Dumpy AVROS
and external control (Fig. 4). Together with better oil
to bunch (OB: 27%), the yield improvement is about
22% than DyAVROS, AAR first generation of materials.
AAHybrida Is has serves as a good example of planting
materials for high sustainable oil yields (Fig. 5)

Figure 1. Hybrid lineage to Dumpy Yangambi-AVROS

Figure 3. High bunch number of medium bunch weight

Figure 2. Comparative height increments of hybrid
palms
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Figure 4. Increase in fruit bunch yields

Figure 5. Increase in oil yield

Narrow-Genetic-Base Breeding Populations and MPOB’s in most of the commercial program in Southeast Asia,
is descended from 4 palms that were introduced and
Germplasm Collection
Most of the commercial planting materials are
genetically narrow (Fig. 6). They are originated from
parent populations derived from very few progenitors
referring as BPROs (Breeding Population of Restricted
Group). Deli Duras, female parents populations used

planted in Bogor Botanical Garden in 1848. Most
commonly used pisiferas are also descend from limited
number of origins, such as AVROS, Yangambi, LaMe,
Ekona and others. Hence, commercial teneras have
little room for improvement. New sources of genetic
variation need to be introduced into the gene pool.

Figure 6. Genetic base of present tenera oil palms

Figure 7. MPOB’s Germplasm collection
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Table 3. Breeding for useful traits

Accessions (E. guineensis)

Useful Traits

Nigeria
Angola
Zaire
Cameroon

Dwarfness, high unsaturation, low lipase
Large fruits, high carotene content
Tolerance to Ganoderma disease
Tolerance to Ganoderma disease

Recognizing the very narrow genetic base of existing
breeding programme, the Malaysian Palm Oil Board
(MPOB) has collected wild germplasm from 11 African
countries, the centre of origin of commercial oil palm
guineensis, and its wild relative, E. oleifera from 7 Latin
America countries since 1973 (Fig. 7). These germplasm
are maintained as field genebank in Kluang, Johor.
Extensive screening of MPOB germplasm have
identified elite genetic lines with their distinct attributes
for introgression. MPOB release PORIM Series lines
since 1994. PS1 is well known for dwarfness. PS2 line
produces oil with high iodine value/high unsaturated
fatty acid contents, and others. These are valuable
genetic resources and breeding lines that could be
utilized to introgress desired traits supporting high,
sustainable oil yields.
From these genetic lines, new high yielding and dwarf
variety was developed. It is originated from Deli duras
crossed with Nigerian pisiferas rooted from MPOB
Nigerian Population 12 that was collected in year
1973. Five progenies with FFB 27.2% higher (29.69 t/

ha compared to 23.35 t/ha) and palm increment 57.3%
shorter (26.0-32.5 cm/year compared to 45-75 cm/
year) than current materials were identified. These
are promising planting materials that will greatly ease
harvesting. The drastic improvement in height and
yields has shown us the advantage of incorporating
wild germplasm into breeding programme to give rise
to elite planting materials (Table 3) [Ibrahim et al, 2017].

Planting Materials for Pest and Disease Resistance
The three major oil palm diseases are basal stem rot
caused by soil fungus Ganoderma boninense (SE Asia),
vascular wilt by soil fungus Fusarium oxysporum f. sp.
elaeidis (Africa) and bud rot of unknown origin (S.
America). Ganoderma boninense disease is alarming,
with more than 60% of Malaysia oil palm plantation are
being affected and resulted in massive loss of crops.
While in Latin America, the outbreak of bud rot disease
with unknown origin is the major limiting factor of
oil palm cultivation in that region, such as Colombia.
With no preventive or therapeutic controls methods

Figure 8. Planting of wilt-rot tolerant materials [Durand-Gasselin et al, 2010]
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available, breeding disease–tolerant or resistant lines
is the most effective and sustainable approach in
tackling the issue.
In Africa, planting materials tolerant to vascular wilt
have been identified. Nursery screenings are positively
correlated with field observation. Two major seed
producer of wilt-tolerant materials are PAMOL and
CEREPAH in Cameroon and the lineages used are
Ekona x Ekona and Ekona x Binga BPROs for PAMOL.
While for Cerepah, Dabou Deli x La Me BPROs was used
[Ngando et al, 2013]. The disease losses were brought
down drastically since the introduction of wilt-tolerant
materials in the estate (Fig. 8). Therefore, similar nursery
screening approach is being used for screening for
planting materials tolerant to Ganoderma in Malaysia
and Indonesia.

There is evidence of genetic resistance source and
arising from active nursery screening for tolerant/
resistant lines, MPOB germplasm crosses involving
Zaire x Cameroon have been shown to be potentially
tolerant to Ganoderma. This line has been distributed
to the industry and validation testing is currently
ongoing in the field (Table 4).
Other research organizations are also making progress
in developing ganoderma-tolerant/ resistance
materials. In 2016, FGV launched Malaysia’s first
Ganoderma-tolerant planting material, YangambiGT1,
but the production is only sufficient for their own use.
While CIRAD/PalmElit found 4 ganoderma-resistance
loci controlling the occurrence of the disease
symptoms and death of palms and is now marketing
the planting materials #G that show intermediate
resistance. Currently, validation of Asian materials is
being carried out in Africa (Table 5).

Table 4. Progress in breeding for Ganoderma-resistant palms (validation on-going in the field)

Tolerant progeny (<20% dead)

Tolerant progeny (<20% dead)

Zaire x Cameroon (DxP)
Cameroon x Cameroon (TxT)
Cameroon x AVROS (TxP)
Nigeria x Nigeria (TxT)

Zaire x Cameroon (DxP)
Cameroon x Cameroon (TxT)
Cameroon x AVROS (TxP)
Nigeria x Nigeria (TxT)
[Ariffin et al., 2000; Idris et al., 2004]

Table 5. Development of Ganoderma resistant materials

Organisation

Progress

Felda Global Ventures Sdn Bhd(FGV)
CIRAD/PalmElit & is partner Socfindo

Release of Ganoderma tolerant materials – YangambiGT1
Identification of 4 Ganoderma-resistance loci controlling the
occurrence of symptoms of the disease and death of the palms.
Marketing of #G planting materials, which display intermediate
resistance. Validation of Asian material on the Aftican continent
is ongoing

Introgression of Bud rot Resistance onto E guineensis: OxG areas affected by BR. Some selected hybrids have oil
productivity comparable to commercial teneras but
Interspecific Hybrids
As of Bud rot tolerant materials, E. oleifera, wild
relatives of E. guineensis, has draws breeder attention
due to its resistance to bud rot disease. Introgression of
the resistance from oleifera into guineensis is feasible
because they are sexually compatible (Fig. 9). Thus,
OxG interspecific hybrid has become the alternative
planting materials in Latin America especially in

only with assisted pollination. Seeds of high yielding
interspecific hybrids are produced by CIRAD/PalmElit
(COARI hybrid) and EMBRAPA (MANICORE hybrids),
using wild E. oleifera palms indigenous to the Coari and
Manicore municipalities in the Amazon river basin. ASD
Costa Rica commercialized AMAZON hybrid variety in
2008 that show high tolerant to BR and high bunch
and oil production without assisted pollination.
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Breeding for Good Nutrient-Use Efficient Palms
As of planting materials with good nutrient useefficiency, one of the key questions is: are there any
differences in nutrient uptake and use-efficiency
between planting materials of different genetic
background? Are oil palms responding similarly to the
same rate of fertilizer input?
From fertilizer x progeny interaction studies conducted
by Ollivier et al. in 2017, different oil palm genotypes do
have significantly difference in nutrient uptake and use
efficiency. This coincides with the findings from one
of the agronomy trials conducted by AAR from 20032013. Two different planting materials, A112 and AA

DxP, show different response to potassium input (Fig.
10). Despite its significantly higher yields, A112 has no
response or insignificant quadratic response to K- up
to 1.75 kg K/palm/year, AA DxP gave a linear response
to 3.5 kg K/palm/year (i.e. higher K rate is still needed)
(In another words, less input is needed for the same
quantum of yield improvement). This indicated that it
is possible to identify progenies that need less input or
is more adapted to inherent soil fertility. Nevertheless,
mineral nutrient x genotype interaction studies are
essential towards developing planting materials with
good nutrient use efficiency and research is ongoing
[Barcelos et al, 2015].

Breeding for Resilience to Environmental Stresses
Resilience to environmental stresses involves complex
traits, which interlinked with crop physiology,
transpiration, photosynthesis and others.

Figure 9. OxG interspecific hybrids

Breeding for environmental resilience has yet to takeoff but the aim is clear- to breed for Environmental
stress-smart palm with great adaptation to stay healthy
and productive despite environmental changes. Some
of the key traits are being investigated such as drought
resistant. Having said that, most of the findings were
obtained from experiments not specifically designed
for drought tolerant, but from comparing common
crosses planted in different environment during the
same time period. Nevertheless, source of drought
tolerant materials may be available in Africa. Prof. Soh
Aik Chin in his talk for Crop for The Future seminar has
described the palm that is resilient to environmental
stress as high yielding with small erect canopies
borne on short sturdy trunks and well anchored with
strong roots spreading wider and deeper within the
soil. These characteristics would form the ideotype
traits for most of the agro-ecological conditions and
cropping systems (Figure 11).

Ideotype:

Figure 10. Different oil palm genotypes may have
different nutrient uptake efficiency
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High oil-yielding with small erect
canopies borne on short sturdy
trunks and well anchored with
strong roots spreading wider and
deeper within the soil
[Soh et al., 2015]

Figure 11. Environment-stress smart palm
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New Genetic Resources and Genetic Tools for high and tools and methodology to increase breeding efficiency,
having all traits in one palm is achievable. E.oleifera,
sustainable yields
After discussing on different types of planting
materials that would help to cope with sustainability
and improve for the ideal palm, will high yielding,
short, non-abscission, virescens, nutrient-use efficient,
Ganoderma resistant palm available in the future? The
answer is positive.
With introgression of new genetic resources to enrich
the gene diversity, coupled with of advanced genomic

a relative of E. guineensis, has emerged as valuable
genetic relative with great potential. It possesses
almost all of the desired agronomic traits. Resistance to
BR, producing oil with high carotene and unsaturation
level, slow height increment and compact with nonshedding and virescens fruit color (Fig. 12). The major
drawback of commercial planting is low oil to bunch
and partial sterility (high parthenocarpy). However,
this can be overcome by Backcross approach (Fig. 13).

Figure 15. OxG backcrosses are guineensis-like
Figure 12. Useful charactersistics of Elaeis oleifera

Explore hybrid vigor
Improve oil yield

As mentioned earlier, advancement in oil palm
genomics research such as genome sequencing and
identification of trait markers such as Shell and Virescens
genes increase selection intensity [Rajinder Singh et
al, 2013; 2014]. Development of innovative molecular
breeding methods such as Genomic Selection,
Genomewide selection and application of these traits
markers into Marker-assisted Selection will not only
enhance the selection efficiency but also shorten
the breeding cycle [Wong & Bernado, 2008]. Going
hand in hand, new genetic resources and molecular
approaches will break the genetic bottleneck and
produce materials for high sustainable oil palm yields.

Figure 13. OxG hybrid and backcrosses

Concluding Remarks

Figure 14. AAR OxG backcross programme

Breeding for planting materials to meet current
needs of high and sustainable oil yields is ongoing
and progress optimistically with the availability of
genetic resources and germplasm. Genomic tools and
technology are also in hand. Combined conventional
breeding and genomics tools will accelerate the
breeding process. However, most importantly, the key
to realize planting materials for high sustainable oil
palm yields are commitments from the breeders and
support from industries and government.
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Figure 16. Wide variations in bunch and fruits of OxG backcrosses
Abbreviations. AAR = Applied Agricultural Resources Sdn
Bhd; AVROS = Algemene Vereniging van Rubberplanters ter
Oostkust van Sunatra; BC = backcross; DxP = Dura cross pisifera;
BR = bud rot; FFB = fresh fruit bunches; IV = iodine value;
OER = oil extraction rate: OxG = Elaeis oleifera x E. guineensis;
K = potassium; PS = PORIM Series; T = tenera; t/ha/yr = tonnes
per hectare per year; yr = year

References
Ariffin D, Idris AS and Singh G (2000) Status of Ganoderma in
Oil Palm. In.+ Ganoderma Diseases of Perennial Crops, Flood J,
Bridge PD and Holdern (eds) CAB International 2000
Barcelas E, de Almeida Rios S, Cunha RNV, Lopes R, Motoike SY,
Bablychuk E, Skirycz A and Kushnir S (2015) Oil palm natural
diversity and the potential for yield improvement. Frontiers
Plant Sci. DOI: 10.3389/fpis.2015.00190
Durand-Gasselin T, de Franqueville H, Breton F, Amblard P,
Jacquemard J-C, Syaputra I, Cochard B, Louise C, Nouy B (2010)
Breeding for sustainable oil palm. In International Seminar on
Breeding for Sustainability in Oil Palm, 18 November 2010,
Kuala Lumpur
Ibrahim Wasiu Arolu, Mohd Yrafil, Marhalil Marjuni, Mohamed
M Hanafi, Zulkefli Sulaiman, Harun A Rahim, Mohd Isa
Zainol Abiin (2017). Breeding of high yielding and dwarf oil
palm planting materials using Deli dura c Nigerian pisifera
population. Euphytica (2017) 213:154. DOI 10.1007s10681 0171943-z
Idris A, Kushairi K, Ismail S, Ariffin D (2004) Selection for partial
resistance in oil palm progenies to Ganoderma basal stem rot
J Oil Palm Res 16(2):12-18
Ngando-Ebongue GF, Etta CE, Ntsomboh-Ntsefong G, Oben TT
(2013). Breeding oil palm (Elaeis guineensis Jacq.) for Fusarium
wilt tolerance: an overview of research programmes and seed
production potentialities in Cameroon. Int J Agric Sci 3(5):
513-520.
82

Ollivier J, Flori A, Cochard B, Amblard P, Turnbull N, Syahputra I,
Suryana E, Lubis Z, Surya E, Sihombing E, Durand Gasselin T
(2016). Genetic variation in nutrient uptake and nutrient use
efficiency of oil palm. J Plant Nutr. DOI:10.1080/01904167.201
6.1262415.
Rajinder Singh, Eng-Ti Leslie Low, Leslie Cheng-Li Ooi, Meilina
Ong-Abdullah, Ngoot-Chin Ting, Jayanthi Nagappan,
Rajanaidu Nookiah, Mohd Din Amiruddin, Rozana Rosli,
Mohamad Arif Abdul Manaf, Kuang-Lim Chan, Mohd
Amin Halim, Norazah Azizi, Nathan Lakey, Steven W. Smith,
Muhammad A. Budiman, Michael Hogan, Blaire Bacher,
Andrew Van Brunt, Chunyan Wang, Jared M. Ordway,
Ravigadevi Sambanthamurthi & Robert A. Martienssen (2013)
The oil palm SHELL gene controls oil yield and encodes a
homologue of SEEDSTICK Nature 500: 340–344; 2013; DOI:
10.1038/nature12356
Rajinder Singh, Meilina Ong-Abdullah, Eng-Ti Leslie Low,
Mohamad Arif Abdul Manaf, Rozana Rosli, Rajanaidu Nookiah,
Leslie Cheng-Li Ooi, Siew–Eng Ooi, Kuang-Lim Chan, Mohd
Amin Halim, Norazah Azizi, Jayanthi Nagappan, Blaire Bacher,
Nathan Lakey, Steven W. Smith, Dong He, Michael Hogan,
Muhammad A. Budiman, Ernest K. Lee, Rob DeSalle, David
Kudrna, Jose Luis Goicoechea, Rod A. Wing, Richard K. Wilson,
Robert S. Fulton, Jared M. Ordway, Robert A. Martienssen
& Ravigadevi Sambanthamurthi (2013) Oil palm genome
sequence reveals divergence of interfertile species in Old and
New worlds Nature (2014) DOI:10.1038/nature12309
Soh SC (2015) Breeding and Genetics of the Oil Palm. In Palm Oil:
Production, Processing, Characterisation and Uses.
Wong CK and Bernado R (2008) Genomewide selection in oil
palm: increasing selection gain per unit time and cost with
small populations Theor App Genet 116:815-24. DOI 10.1007/
s00122.008-0715

Malaysian Oil Science and Technology 2017 Vol. 26 No. 2

Progress Towards
Reducing Contaminants:
Setting New Targets for
the Industry (Standards
& Specifications)
Choo Yuen May
MOSTA
[Presented at the Forum Discussion, MOSTA Workshop 2017: Best Practices for
Quality Improvement from FFB to PPO]

Introduction: Malaysian Palm Oil Industry – Very Contaminants and Consequences
Well Regulated

A contaminant is an impurity and there are 3 broad
categories of contaminants, namely, physical, chemical
and biological. The issue of contaminants is related to
quality and safety. Thus, the cost of contamination
can clearly be quantified in terms of human sickness
and even lives, disruption in supply chain, disruption
in trade, increased costs to eliminate/reduce
contaminants and loss in consumer confidence.

The Malaysian Oil Palm Industry is a very well regulated
industry. There are numerous laws in place to ensure
the well-being of the oil palm industry. This includes
those for the production of palm oil which adheres to
quality specifications and protects consumers (Fig. 1).

4 Numerous laws
4 Include: Production of
PO which adheres to
quality specifications

Land Matters

Labour

Environment

Pesticide usage

Wildlife Protection

Oil Quality

Figure 1. Malaysian oil palm Industry: very well regulated

Consequences
• Human lives
• Disruption in supply chain
• Disruption in trade
• Increase costs
• Loss in consumer confidence

What is a Contaminant?
Figure 2. Contaminants and consequences
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Now, I would like to focus on the contaminants
affecting quality and safety of palm oil. As we all know
there are contaminants with no issues for palm oil
such as heavy metal ions, PAH, etc. However, there are
also contaminants and other related parameters of
perceived concerns which I would now like to address
(Fig. 3). These include the following:
• FFA
• DOBI
• Mineral Oil (lubricant) and
• newly identified trace contaminants 3-MCPDE and
GE
Now let us look at the MS 814 CPO Quality Specifications
in detail. As tabulated there are 2 grades of CPO, one
being a special quality (SQ) grade and the other the
standard quality grade. FFA for SQ grade CPO is 2.5%
whereas for the standard grade is 5%; M&I remains
the same for both grades of CPO. The oxidation
parameters, namely, PV is 1 meq/kg and AnV is 4 for
SQ grade PO; PV is 2 meq/kg and AnV is 5 for standard

grade palm oil. For the DOBI value it is 2.8 for SQ grade
and 2.3 for the standard grade. The higher the DOBI
value, the better is the quality of the oil. The fact that
there is a set of specifications for special quality grade
CPO in MS 814, substantiates the fact that with good
management practices, low FFA with better DOBI
value can be obtained.
I will go through very quickly the newly identified
process contaminants, i.e. 3-MCPDE (monochloropropanediol esters) and GE (glycidol esters). The nonesterified form 3-MCPD is potentially carcinogenic to
animals and glycidol is genotoxic and carcinogenic
to animals.
The contaminant GE is formed during high temperature
refining when diglyceride and monoglyceride are
present (Fig. 5). Though GE formed can be removed or
stripped off during deodorisation, but to eliminate its
formation, one can use low DAG & low FFA PO to start
off with or alter refining conditions using low refining
temperature and pressure.

•
•
•
•
•

FFA
DOBI
Mineral Oil (Lubricants)
3-MCPDE
Newly Identified
GE
Trace Contaminants

}

Figure 3. Contaminants and process contaminants in palm oil

Precursors →

Possible Sources →

Mitigation approach

1. Chloride Cl-

Fertilizer KCl, NH4Cl

Green recycling of minerals from biomass and
treated PO mill effluent
Washing FFB/CPO with Cl-–free water or other
technical variations
Use non-chloride treated earth
Adopt integrated pest management

HCl-treated bleaching earth

Organochlorines?
R-Cl → R’H + HCl
2. Diacyglyerols (DAG)

Pesticides?

Poor quality CPO with high
FFA and DAG
Figure 4. Formation of MCPDE

Produce better quality low-FFA CPO through
efficient harvesting and milling practices.
Modify refining practices.

Figure 4. Formation of MCPDE
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GE Formation

Possible Sources
During high temperature
refining in the presence of
DAG/MAG

Mitigation Approach
Use low-DAG & low-FFA PO
Lower refining temperature and pressure
Convert GE to MAG in refining or GE stripping
during de-odourisation

DAG/MAG (TAG?) → GE
Figure 5. Formation of GE

For the formation of 3-MCPDE, the precursors are
chloride anion and diacylglycerol. One obvious source
of chloride is from the fertilizer potassium chloride
used widely in the field. To mitigate one can use green
recycling of minerals from biomass and treated PO mill
effluent as well as washing FFB/CPO with chloride-free
water or other technical variations. In the longer term
the slightly more expensive potassium salts (sulphates
or nitrates) could be substituted for KCl.

The Way Forward: Recommendations

The other chloride source is that during refining
hydrochloric acid treated bleaching earth is used but
this can easily be substituted with non-hydrochloric
acid treated earth. Another possible source of
chloride is from organochlorine pesticides but this is
unlikely as organochlorines have been banned for
a very long time. However, this is no longer an issue
as pesticide use has been minimized with integrated
pest management.

• It is proposed that the survey cover as many mills
and refineries as possible.

The other precursor to 3-MCPDE is diacylglycerol
(DAG) and this comes from poor quality CPO with
high FFA. Thus the mitigation approach is to produce
better quality, low FFA oil through efficient plantation
harvesting and milling practices.

The Table of Fig. 6 shows possible achievable quality
targets for CPO and RPO. With the validation of data
in surveys carried out by MPOB since the eighties,
these targets have been shown to be attainable. It is
regrettable to note that the present MS specifications
for CPO have not changed much over the years. It

In the following few figures, suggestions for the
way forward are recommended for discussion and
consideration (Fig. 6).
Firstly, a nation-wide survey on CPO and RPO and
RPOo is proposed to determine quality characteristics
such as FFA, DOBI, AV, PV, M&I, GE, 3-MCPDE, DAG and
MAG

• The time-line for this survey depends on whether it
involves the collection of primary or secondary data.
The former will be analyses of quality parameters
by a recognized laboratory and the latter is data
provided by the mills and refineries.
• The survey data will be analysed, quality parameters
and new limits can then be worked out.

1. Conduct a nation-side survey on crude palm oil (CPO), RBD PO and RBD POo
		 • Survey to cover as many mills and refineries as possible
		 • Time-line: depends on data type (within a year)
2 (a) Analyze the survey data, Set quality parameters, New Limits
2 (b) Parameters to be surveyed
•
•
•
•
•
•
•
•
•

FFA
DOBI
M&I
PV
AV
GE
3-MCPDE
DAG, MAG
P, Ca, Fe

Figure 6. Way forward: recommendations 1
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would have been great to see the specifications for
current standard grade CPO in MS 814 progress to
specifications for special quality grade CPO sometime
in the future.

persuade continuous improvement of quality, it
is recommended to set a mandatory timeline to
implement legislation of 4% FFA by 2018, and 3.5% FFA
by 2020.

We believe that advanced knowledge and technology
should mandate the tightening of the MS specifications
for CPO especially those parameters which are
contaminant-related such as FFA. Additionally, to

It is also recommended that Hazard Analysis Critical
Control Points HACCP be introduced and enforced
in palm oil mills as a preemptive action against
contaminants (Fig 7).

3.

Sludge Oil, Fibre Oil, EFB Oil, High FFA Oil, & Sterilizer Condensate Oil
Government to legislate to collect these oils to be used for technical uses or biofuel – there is a great demand in China for
biodiesel produced from non-edible oil sources. The characteristics of these oils need to be specified and established for
their intended uses.
4.
Introduce and enforce Hazard Analysis Critical Control Points (HACCP) or an ISO equivalent in palm oil mills including
use of food grade lubricants (Requirement of food safety).
5.(a) MPIC to set up a one-stop centre to recruit foreign workers (?) to address the labour shortage problem (delay in
harvesting and transporting FFB to mills will cause FFA to rise. These will result in increase of DAG and MAG which are
precursors to the formation of 3-MCPDE and GE.
5.(b) Future: Plantation for mechanization
6.
Intensify research on many aspects related to
• Quality and science
• Process of setting appropriated standards for all processed products
• Introduce various standard grades of CPO: Food grade, Technical grade, Animal feed grade and Biofuel grade
7.
Set up a Tripartite Committee comprising members from MPIC, MPOB and the Malaysian Palm Oil Industry to be
established to further deliberate and execute on the various suggestions made.

Figure 7. The way forward: recommendations 2

It is suggested (Fig. 7) that MPIC could set up a onestop centre to receive and register foreign workers to
address earnestly the labour shortage problem. This
is because delays in harvesting and transporting FFB
to mills will cause FFA to rise. This in turn will result
in increase in DAG & MAG which are precursors to
formation of 3-MCPDE & GE
However, for the future, mechanisation should be the
solution.
It is proposed to intensify research on many aspects
related to:
• Quality & science
• Process of setting appropriate standards for all
processed products
• Introduce various standard grades of CPO such as:
		 Food Grade
		 Technical Grade
		 Animal Feed Grade
		 Biofuel Grade
• The elimination of poorer non-food grade oil
streams will help in downstream refining especially
to limit 3-MCPDE formation
Last but not least, it is proposed that a tripartite
Committee comprising members from MPIC, MPOB
86

and the Malaysian Palm Oil industry be established
to further deliberate and execute on the various
suggestions made. This will address not just issues of
contamination but also other related challenges which
the industry may face in the dynamic trade of palm oil.
Abbreviations. BaP = Benzo[a]pyrene; BfR = Federal German
Institute for Risk Assessment; CPO = crude palm oil; DAG,
DG = diacylglycerol, digyceride; DCP = dichloropropanol;
DOBI = depreciation of bleachability index; EC = European
Commission; ECD = electron capture detection; EFSA =
European Food Safety Authority; FEDIOL, Fediol = European
Federation of the Oil and Proteinmeal Industry; FFA = free fatty
acid; FFB = fresh fruit bunches; GE = glycidol ester; JECFA =
Joint FAO-WHO Expert Committee on Food Additives; M & I
= moisture and impurities; MAG = monoacylglycerol; MCPD
= monochloropropanediol; MCPDE = monochloropropandiol
esters; MPIC = Malaysian Plantation Industries & Commodities;
MPOB = Malaysian Palm Oil Board; MRL = maximum residue
limits; MSD = mass specific detection; P = phosphorus
impurities content; PAH = polyaromatic hydrocarbon; PCB =
polychlorinated hydrocarbons; PK = palm kernel; PO = palm
oil, undefined samples can be RBDPO; POo = palm olein;
ppb = parts per billion; PPO = processed palm oil; TDI = total
daily intake; TOF-MS = Time of Flight MS; UPLC = ultra-high
performance liquid chromatography; WHO = World Health
Organization; ZEN = zearalenone, estrogenic mycotoxin
natural product
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New Targets for
Quality Improvement
of Palm Oil
Mavath R Chandran
MOSTA
[Panel Discussion, MOSTA Workshop on Best Practices for Quality Improvement from
FFB to PPO, 19-20 July 2017, Kuala Lumpur]

Introduction
On the centennial of the oil palm, it may be
appropriate to recall palm’s illustrious history to the
present day where new quality targets are being
called for. The Rantau Panjang Avenue Palms – from
Henri Fauconnier’s collection of seeds from Sumatra in
1911-1912 is shown in Figs. 1 and 2, where magnificent
palms of over 100 years can still be seen. Fig. 3 shows
the Sumatran Dura Deli oil palm (103 years not out)
planted in 1914 by Henri Fauconnier in Rantau Panjang,
Selangor – like a Rolex watch, it does not only tell
time, it also tells history. Historical photographs of
H Fauconnier, his bungalow and Maison de Palme in
Rantau Panjang (Figs. 4 & 5).

Figure 1. Rantau Avenue palms: seeds from Sumatra
(1911-1912)

Figure 2. Avenue palms at Rantau Panjang
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Henry Fauconnier, presented a paper at the Congress
of Colonial Agriculture on 1st May 1918 in Paris with
the opening paragraph:
Fauconnier’s opening paragraph:
• The Oil Palm which is the greatest wealth of the
west coast of Africa, has not been developed on
an industrial basis over there.
• This is mainly due to the fact that the local
population would find it difficult to adapt to the
hard work on plantations.
• Cultivation on a big scale, be it tea, coffee,
rubber etc, is only possible in countries with an
abundant and readily suitable labour force, and
the colonies in the Far East from India & Ceylon
to the French Indochina, through the Dutch East
Indies and Malay Peninsula are ideally suited.
Figure 3. Sumatran Deli Dura planted by Fauconnier in
1914

• The plantations founded with European capital
have developed there in an extraordinary
manner in just a few years.
• One wonders whether such a result could also be
achieved with the OP.
• As palm oil and palm kernels are in ever
increasing demand.
Tannamaran estate has a new owner as shown by the
signboard (Fig. 6) and has 5th generation palms (Figs.
7 & 8).

Figure 4. Historical pictures from H Fauconnier

Figure 6. Tannamaran estate signboard

Figure 5. The award-winning book MALAISIE (1931)
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Malaysian Palm Oil Industry

Figure 7. Replanting with 5th generation palms

The success of the Malaysian palm oil industry is
summarized by the plantation assets (Fig. 9) and a
snapshot of the 42 listed palm oil companies is given
in Table 1 and export revenue for all palm oil products
is given in Table 2. Though small by comparison to
1 large European company such as Unilever, profits
are relatively higher. Malaysian average FFB yield has
been flat and drastically reduced the year after the
El Nino drought (Fig. 10). It is projected to be higher
from replanting with better yielding palms without
expansion into new agri-lands. Projections of growth
and yields in the midst of many challenges seem
optimistic especially if the targeted need of biofuels
become politically out of favour.
While the 2017 fall in supply does not lead to high
prices, excess supplies from recovery after the drought
could lead to price pressures in 2018 (Table 3). Main
large consumers are mostly developing countries
depending on lowest prices of edible oils and not
willing to pay a little more for certified sustainable oil.

Figure 8. Young and mature palms ready for harvesting

Figure 9. Malaysian palm oil industry “assets” (2016)
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Table 1. Key listed plantation companies in Bursa Malaysia

Key Listed Plantation Companies in Bursa Malaysia*
Market Capitalization
Price Earnings Ratio
Price to Book Ratio
ROE
Total Assets
Total Turnover
Net Profits
Total Cash
Total Debt
Total Common / Share Equity
Total Debt to Common Equity

RM188.1b
US$43.4b [compare Unilever NV: Euro 146b (RM693.4b)]
23.1x
1.75x
7.6 %
RM 222.4 b (US$ 51.3b)
RM 136.7 b (US$ 31.5 b)
RM 8.2 b (US$ 1.9 b) [compare Unilever NV 2016:
Euro 5.5b (RM26.1b)]
RM 16.8 b (US$ 3.9 b)
RM 58.8 b (US$13.6 b)
RM 107.3 b (US$ 24.7 b)
0.55 X
* As at 8th May 2017

Table 2. Malaysian palm oil export revenue by products

2016
43,369.28
4,886.66
873.69
12,721.93
247.70
2,052.46
440.10
64,591.82

Products (RMm)
Palm Oil
PKO
PKC
Oleochemicals
Biodiesel
Finished Products
Other Palm Products
Total

Yoy % Change
+5.1%
+19.8%
-6.7%
+12.6%
-48.8%
+18.7%
+13.4%
+7.3%

2015
41,257.70
4,080.40
936.01
11,295.43
483.57
1,728.54
388.04
60,169.49

ETP target for 2020: RM 178 bil

Source: MPOB

Malaysia: National FFB Yield – LKY Vision: 35 : 25
EC

Malaysia FFB Yield By Region
(tonnes/ha)		
2016
2015
Pen. Msia			
15.77
18.77
Sabah			
17.10
19.99
S’wak			
14.86
16.21
Malaysia			
15.91
18.48
Source: MPOB

chg (%)
-16.0
-14.5
-8.33
-13.9

Figure 10. Malaysian average FFB yields 1975 – 2016
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Malaysia OER By Region
				
2016
Pen. Msia
19.78
Sabah			
21.11
S’wak			
19.99
Malaysia			
20.18

2015
20.03
21.56
20.17
20.45

chg (%)
-1.2
-2.1
-0.9
-1.4

Figure 11. Malaysian stagnant CPO yields
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2013
5.23
5.23
3.85
19.20

Total Planted Area (mln ha)
Total Mature Area (mln ha)
Yield per ha CPO
Total CPO Production

2015
5.64
4.86
4.10
19.96

2016
5.74
5.00
3.21
17.32

2020
5.80
5.02
4.50
22.60

2025
6.00
5.10
5.00
25.50

Note: Immature areas @ 13.5%
$64 Question: Can we achieve an oil yield of 5.0 T/ha in 2025?

Figure 12. Projected yields for 2020-2025
Table 3. Countries supplying palm oil

(m mt)
Production
Malaysia
Indonesia
Others
Total
Production growth (%)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2010
15.3
16.7
5.7
37.7
4.8

17.7
18.9
6.0
42.6
12.8

17.6
21.0
6.7
45.3
6.3

17.0
22.1
6.8
45.9
1.3

19.0
25.0
7.0
51.0
11.1

18.8 19.2 19.6 20.0
26.9 28.4 30.6 33.4
8.6 8.9
8.2
9.1
53.8 56.2 59.1 62.5
4.4
5.6
5.7
5.1

17.3
31.8
9.2
58.3
(6.7)

19.9
35.0
10.0
64.9
11.3

First contraction in prod since 1998. Av annual growth in PO = +2.2 Mln T.
(4 major oils = +3.0 Mln T). Total supply deficit = 5.2 Mln MT.
Demand drivers: India & Indonesia.

PALM OIL: Share of Total Consumption
of 17 Oils & Fats in 2015/16 in %
60

56% 56%

55%

50

39%

40
30

51%

22%

20

14%

10
0

EU-28

India Pakistan China

Oth.
Asia

Africa

C&S
America

Palm oil has become the by far most important
vegetable oil for consumers in many countries,
primarily in
• Asia
• Africa
• C. & S. America
Figure 13. Percent usage of palm oil among countries

Malaysian palm oil industry may be at the crossroads
with many challenges. Presently labour shortage is
critical and FGV is reported to be losing RM2 million/
day because expected foreign guest labour are not
appearing on time. Management challenges are
summarized in Fig. 14.
Malaysian palm oil reputation is at stake with
the unresolved issue of slightly higher process
contaminants (3-MCPDE and GE) than most other
competing oils. There is a need to refocus on quality
and a need to set targets while trade barriers are being
planned by EU countries. The last El Nino fires have
caused much deforestation and adding fuel to fire is the
no-palm oil labelling campaign, now encompassing
over 700 products. Anti-palm oil campaigns in France,
Belgium and Italy are mainly through perceived health
concerns. High trace contaminants if scientifically
verified to be harmful will not be tolerated as human
health is not up for negotiation.
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1. In need of fundamental retooling for many companies are just muddling through.
2. Replant or perish.
3. To improve process technology & institute enhanced quality parameters to
differentiate SMYPO from ROW.
4. Discipline is broken…… to fix it now!

Figure 14. Replanting with high yielding palms and management challenges

Ferrero’s Positive Campaign

2. Ferrero’s head of purchasing Vincenzo Tapella had
this to say:

4) The functional obstacles to palm oils use in cooler
climates:
> The cold weather properties of palm oil can be
improved in at least two ways;
i) through breeding and the use of biotechnology
to change the oil’s lipid composition
ii) by adapting fractionation and distillation
technologies to derive oils with a lower
saturated fat content.

“Like all quality vegetable oils, our palm oil is
safe. It comes from freshly pressed and sustainably
sourced fruits, and has been processed at controlled
temperatures.

5) The presence of non-tariff barriers, in the form
of quality, food safety, sustainability, ILUC, GHG
emissions (LCA criteria) that restrict the use of palm
oil in high income markets for food & fuel.

1. Due to smear campaigns against the company,
Ferrero launched a TV advertising campaign defending
its use of palm oil in its flagship product Nutella,
saying palm oil is currently suffering “an unfair smear
campaign” in Italy.

Perfect for enhancing the taste of our products
and making them so creamy.”

Note. Summaries of the rest of contents are given in pp
83-86 & 115-119.

Five Main Industry Challenges
1) The poor growth rate in oil yields in relation to
other sources of vegetable oils; target should be
minimum 1.0 to 1.5% increment per annum.
2) The difficulty of reducing labour intensity and
raising labour productivity in large measure a
result of the problems of mechanising harvesting
operations.
3) Rising labour, material & logistical costs.
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Concluding Remarks
100 Years of Oil Palm: Surging Forward
There is a saying that to get to the next level we need
a rear view mirror, but our eyes should not be glued
to it.
Abbreviations. CPO = crude palm oil; EC = Elaidobius
kamericus; ETP = Malaysia economic transformation plan for
2020; FFB = fresh fruit banches FGV = Felda Global Ventures;
GHG = green house gases; ILUC = indirect land use change; LCA
= Life Cycle Analysis; MMT = million metric tonne; Mn,Mil,Mln
= million; OER = oil sxtraction rate; ROS = rest of the world;
SMYPO = Standard Malaysian Palm Oil; T/ha = tonnes/ha
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Sustaining High
Productivity in Oil Palm
Mavath R Chandran
MOSTA
[Forum Discussion, MOSTA Oil Palm Best Practices Workshop 2017: “Recipe for High,
Sustainable Oil Palm Yields”, 12-14 September 2017, Ipoh, Malaysia]

Introduction
Let me set the tone by giving a short synopsis of
what has already transpired over the last 2 days. The
theme of this workshop is recipe for high, sustainable
oil palm yields which has two key words “sustainable”
and “high”. We have four experts for this forum: Joseph
Tek, Rajinder Singh, Patrick Ng and Guillermo Rothflug.
So what are the requirements for the plantations
and smallholders in the industry? Firstly, one must
remember that the palm oil industry contributes to
a significant part of the Malaysian national economy.
We have an estimated 650,000 people involved and
550,000 directly working on the land. The industry
contributes about 6-7 % of GDP and exports account
for RM65 bln to RM83 bln revenue; that is the strength
of industry.
So we need to ensure sustainability. And what are the
requirements for plantations and small holders? We
had heard that we need suitable land, soil and sufficient
water (S. Paramanathan). There are contributions from
new technologies such as remote sensing, drones, GIS,
GPS. smart phones, AI, etc (ZY Chen; Toh Chia Meng);
all of these play an important role to modernise
management of plantations. Improved mechanization
tools and efficiency of fertilizer application are always
required (Guillermo Rothflug; Norman Hj Kamarudin;
Liew Yew Ann/SH Tey). Then there are external
challenges from pest and diseases (GF Chung; YK
Goh; Ramesh Veloo). Malaysia has only about 5.5 ml
ha agri-land and is unlikely to expand to 6 mln ha and
there is environmental degradation which needs good
agronomic practices (Patrick Ng; JR Vijandran; Lee Chin

Tui) and we face erratic weather patterns, e.g. El Nino
and La Nina (S. Paramanathan). We still continue to
have, I am sorry to say, poor management practices
(Lee Oi Hian; Joseph Tek). Then we face rising costs
of inputs of labour and fertilizers. And Ganoderma
and other viral infections (SC Cheah) has been around
and we have done research for so many years without
any breakthrough and there is still no proper solution
except avoidance and some microbial control (Hamdan
Ibrahim). Now all these will affect productivity.
What we have heard of positive findings that genome
research and genetic marker testings (Rajinder Singh; K
Harikrishna; CJ Teo) will aid and accelerate research on
the oil palm to achieve its true potential yields much
faster compared to conventional breeding efforts. The
theoretical yield potential is 18 tonnes, not FFB, if CPO/
ha/yr while our best estates can provide 6-7 tonnes/
ha/yr but the national average is stagnant at below
4 t/ha/yr. The bottom line is increased productivity
per unit area equals sustainability; in order for a tree
crop to be sustainable we need to maintain oil yield
improvements of at least 1-1.2%/yr. High, sustainable
oil palm yields can only be achieved through complex
synergistic actions encompassing best management
practices described above after replanting exercises
with genetically improved palms.
This panel will comprise four experts who will speak
on the key areas of their expertise. To start off we
shall have Joseph Tek who will tell us what he sees
of the micro- and macro-management challenges
going forward.
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like to put up a few slides so as to recap a few points
and put up a few relevant scenarios for discussion
because management is a very wide topic.

Micro and Macromanagement Challenges
by Joseph Tek

Summary of palm oil as a commodity business
I have been given the topic above and again I am not
quite sure which of the value chain has to be focused
on, whether on management of plantations or the
palm oil business per se. Without getting into specifics,
we have heard (Lee Oi Han) that the industry as a
whole is not as good as it should be. I also mentioned
that we are not attracting enough good people for
management of estates as well as for the headquarters.
We have to make do with what we have. Again I would

Firstly, scenario number 1 is that we are not a
manufacturing company, or an IT company or a
construction business for infrastructure but that we are
basically farmers. We are producing a crop called palm
oil, which is a commodity. Over and over again like all
commodity producers there are ups and downs. In the
commodity business productivity is important and we
look at margins (Fig. 1). Today CPO price is RM2,800,
which provides a comfortable margin but imagine
that the price drops to RM1,800 (as happened some
years ago), then how would we respond? As depicted
the once healthy margins are being squeezed by cost
of production as a result of low CPO prices. Over the
years prices of oil goes up and down but we see the
cost of production is always going up and up. We
must understand that companies still have to manage
sustainability, purchase equipment and fertilizers, etc.
Responses are different depending on the state (new,
old or size) of the company or whether the company is
integrated with downstream-manufacturing overseas.
So how to manage the business is totally different. The
picture in scenario 1 is that we are basically farmers
and we are commodity players as price takers and not
price makers.

Figure 1. Commodity business profit margins
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Figure 2. Managing inter-generational shift in plantations

Now to scenario 2. What is interesting to me is that
we are managing multi-generational people in our
business (Fig. 2). There are a few survivors born before
the war, then the baby-boomers born after the war,
then the Gen-X (which includes me), Gen-Y and Gen-Z.
We are having Gen-Y and Z now as the only source
for employment and each of these generations have
different aspirations and different outlooks. Basically
boomers in the post-war environment are workcentred, independent, goal-oriented but work to live,
perhaps with hobbies and annual travel holidays. We
have Gen-X growing up in a peaceful and globalized
workplace and are adaptable/impactful as well as
going for productivity at a time when we just began
to see the arrival of wired phones and fax. Gen-Y
and -Z are totally a different set of people who have
seen the arrival of a global village with internet, IT,
smart phones and have the liberty to choose a worklife balance. The arrival of the digital age, reliance on
machines and AI have changed the industry workplace.
Work interactions are now different so that micro- and
macro-management are also totally different in terms
of creativity, flexibility and nimbleness. The digital
age demands ability for learning autonomously and
continually and in applying the knowledge quickly in
different and creative ways.

Global Business and Digital Technologies
Recently I have been looking at technologies and
I want to see if some of the technologies can fit into
our management to address some (not all) of these
aspects. We are familiar with the shared economy
(Fig. 3) in many businesses. This is the age of new
technologies and we want to use these technologies
in management to increase productivity. If we can
address some aspects from the shared economy,
e.g. if there is a platform where companies can come
together as virtual corporations in tendering processes,
procure agriculture inputs for estates in economies of
scale or derive other benefits from ERP.
The last few years we have been looking for the Nexus
of future forces which is available now (Fig. 4). We are
now talking about mobile, cloud computing, analytics,
image processing, social networking, smart machines
and IoT. For the Gen-X some of these things coming
into the present 4th industrial revolution are quite
frightening and it is not easy to see how plantations
can tap into these new opportunities. We now see
that drones and remote sensing are used in estate
management and digital technologies are becoming
common and cost-effectively enhancing management
especially addressing labour shortage. Again we are in
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an industry that is commodity based and we need to
use Gen-Y and -Z who may be more familiar to embrace
and find/adopt the right technologies to increase

productivity and add value to the industry (Fig. 4).
Details of enhanced management for plantations and
of talent are summarized in Figs. 5 & 6.

Figure 3. Trending global business ideas inputting plantation management

Figure 4. Plantation management with digital technologies
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Conclusions
I want to come to what I have learnt from the Japanese
(Fig. 7). If you love something and become good at
it, then develop a passion of what is fitting for the
world’s needs so that you can be paid for, then there is
a mission for you. We have what Japanese call “ikagai”
or “reason of being” and best of all, it becomes your
profession and vocation. One can then live to work and
enjoy at the same time.
Before ending I like all to memorise some facts
of the oil palm industry and appreciate what is
happening in the world. We need to appreciate the

planet has 13.4 bln ha of global land to be shared
among 7.2 bln people. Out of these total land, 1/3 is
used for agriculture and out which we can separate
out a large part (69%) for pastureland, mainly breeding
cows and sheep for meat-eaters. So 1/3 of arable land
are for crops. And out of these 1,550 mln ha we get a
miniscule18.88 mln ha (0.38% of the global agriculture
land) for global oil palm, in stark contrast to the 3,450
mln ha used for pasture land. Oil palm is able to
account for the most (~30%) of the global edible oils
production and from the use of only about 10% of
the land required by other oil crops. So Malaysia uses
only 0.11% of the total global agricultural land and yet

Figure 5. Enhanced plantation management value-chain

Figure 6. Management of talent
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accounts for 55% of the global palm oil exports. Using
only 0.11% of the planet’s land it produces about 20
mln tonnes of palm fruit oil excluding palm kernel oil.
To produce the equivalent of this volume of oil the

world will need to deforest about 10 times more land
using other oil crops. These are the figures we have to
tell the world which have out-of-proportion criticisms
of the palm oil industry.

Figure 7. Ikagai – reason of being

Figure 8. The oil palm shines in the big picture of global land use

Comments by MR Chandran: It is good to hear of
professionalism and passion in work. We talk about Gen-Y
and Gen-Z coming into the workforce. I am pleased to
see so many of them here today and this looks like a
turning point. And 85% of the crowd are still here and
have not gone home. Additionally this is the first time I
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see so many ladies who deserve a round of applause. We
hear if politicians talking of gender diversity and what we
see is a good sign for the industry.
Next we have Rajinder Singh who will tell us how
genomics can move the palm oil industry.
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happened. There are actually many advances but
statistically in the field dominated by smallholders we
have to see the reality of average yields which remain
stagnant. Genomics have proven to provide advances
to most crops and for the oil palm it will be on a longer
time frame because of the long breeding cycle. It is
to be emphasized that genomics has to work handin-hand with best agronomic practices assuming that
the geographical and climatic conditions are already
suitable.

Genomics and the Oil Palm
Industry
by Rajinder Singh

Before the green revolution, crops were tall as shown in
the paintings (Figs. 10 and 11) but the green revolution
favoured shorter crops which can hold high crop yields
without bending or tipping over and that they can also
respond well to fertilizer use.

Introduction

Oil Palm Breeding

Something quite related to the present topic is what
I came across that was published in 27th July 2006
about the stagnant yields of oil palm (Fig. 9). If one
changes the date of this report to 2017 we can have
exactly the same story. So today we are still talking
about increasing yields as though nothing has

The green revolution followed by genetic engineering
advances had served the annual crops well, e.g. rice,
wheat and soybeans. Tree crops such as the oil palm
have made advances but because of the long maturity
period (3 years), the gene revolution has been slow to
be realized in commercial plantings. Recent commercial

Figure 9. Stagnant oil palm yields were highlighted in 2006 and this is the same in 2017
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Figure10. Tall cereal crops were normal before the green revolution

Figure 11. Dwarfness and yields

plantings have been the result of palm breeding by
classical genetics. Breakthroughs have recently been
announced on the sequencing of oil palm genomes
and notably SHELL and VIR genes have been found.
Further KARMA epigenome was discovered to be
responsible for fruit mantling. Products from these
discoveries can be used to boost breeding and tissue
culture efficiency (Fig. 12).
Malaysia has been recognized for expertise in genetic
breeding of oil palms. Over the last 10 years there
has been many advances from MPOB and several
commercial companies (Fig. 13). Sime’s collaboration
with foreign expertise with the majority of the work
done in Malaysia provided the Genome Select high
yielding palm (11 t/ha/yr). Semi-dwarf high yielding
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palms were developed for commercial plantings by
MPOB and AAR. Ganoderma tolerant palms have been
developed by Sofindo and FGV.
The race is also to use genomics to help in breeding
palms to be drought tolerant after the recent El Nino
disaster (Fig. 14). Much could be learnt from other
annual crops for which greater research have been
carried out over the years for drought tolerance (Fig. 15).
With the active participation of commercial companies
Malaysia leads in expertise in oil palm genomics
(Fig. 16). Ganoderma tolerant palms (YagambiGT)
from FGV are important while oleifera x guineensis
hybrids from AAR show promising yield, fatty acid and
tocotrienol profiles.
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Figure 12. Products to boost breeding and tissue culture efficiency

Figure 13. Genomics to boost oil palm productivity

Figure 14. Genomics for better palms to tolerate climate change
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Figure 15. Plant breeding for drought tolerance

There are important socio-economic outcomes from
MPOB’s genome project. DNA test kits are made
available to micromanage planting materials at the
nursery stage. Low yielding Dura contamination can
be avoided for Tenera plantings/replantings while
palms with mantled fruits can be eliminated from
tissue culture plantlets. A comparison of values or
costs of annual crops with a tree crop like the oil palm
is given in Fig. 17.
The gene revolution was recently given a boost
with the discovery of CRISPER Cas gene editing
technology, a disruptive technology, which can speed
up the designing gene-edited crops (Fig. 18). Genetic

screening is now being applied while possibilities of
gene inhibition or activation and synthetic biology
have become available. In the 2017 year of much
changes, one leading researcher for gene-editing from
MIT, Feng Zhang, almost became Time’s Person of the
Year except for the surprise win of Donald Trump in
the US elections. Previous use of genetic engineering
by the US results in controversial GM crops because
of the insertion of foreign genes which can be
suspect to unknown future consequences. But gene
editing does not need introduction of foreign genes
and has provided many new crops which are not
considered GMO.

Figure 16. Malaysia leads in expertise in oil palm genomics
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Figure 17. Comparisons of micromanaging different crops with DNA testing

Figure 18. Moving forward to the revolutionary gene editing technology

Comments by MR Chandran: Thank you for the
positive outlook. Years ago (2014) when in Hong Kong I
heard from Robert Chandler who was with International
Rice Research Institute in Manila that the green revolution
is over because we have reached the yield plateau
for almost every plant, not just rice. While the green
revolution, which depended on fertilizer and irrigation
with best agronomic practices, is over, but the gene
revolution has taken over. So what Rajinder has said is

appropriate as we can look forward to develop useful
traits like drought tolerance, apart from high yield and
suitable tree architecture for mechanized plantations. But
I must add that for all these possibilities of technological
advances to happen there is a need for support with
appropriate funding.
Let’s move to next speaker, Patrick Ng, who is part of the
team doing wonderful work at AAR and he will speak on
operational efficiencies with new technologies.
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to haggle on destination and price. If you are in a
different country with foreign languages this will
become difficult. Now, new GIS/GPS technologies have
changed all these. Uber and Grab have arrived and
they are on your smart phone. One can see the nearest
available Grab car, the time of arrival and the fare to be
charged. Technologies change and disrupt inefficient
services of conventional taxis from their comfortable
monopoly. One should be reminded that Grab is a
Malaysian startup company.

New Technologies for
Operational Efficiencies
by Patrick Ng
I was given this sub-topic, so let me start with a brief
history of communication. A long way back in around
3000 BC humans used communication by smoke
signals, and over time this changed to drums and
moved on to the use of animals or carrier pigeons. By
the time of the previous century electricity had become
available, we find that Morse code, radio and telegraph
appeared. Then came fax and wired phones which
became widely available and personal computers
ruled. In the1980s the first version of the mobile phone
appeared but it looked and weighed like a brick.
From voice, then text or messaging was added and
nowadays we can get a range of internet capabilities
incorporated into smart phones much like the lap-top
computer. Basically we see that in a very short span
of time from the 1950s to now, communication has
changed so rapidly or to digital speeds. With huge
companies supporting hand-held devices, we see
regular up-grading and support is given to wireless
Wifi as 2G migrated to 4G and soon we may see 5G
speeds. We have seen rapid changes, whether we like
it or not they change our lives and provide options for
better ways to do things. We can ignore these and be
left behind or perhaps we rather adapt to or adopt
some of these beneficial technologies.
Let me give an example. I am sure all of us have
experience of taking taxis in Malaysia or elsewhere
overseas where we have to queue at a certain spot
and have to be prepared for an uncertain waiting
time. Imagine that when you get a taxi you still have
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We can use these GIS/GPS and remote sensing
technologies for all sorts of applications. As an example,
an investor can use these technologies to select suitable
pieces of land. This will avoid having to purchase and be
stuck with a piece of land with unsuitable terrain and
soil. Technology could first have the terrain mapped
for suitability for a particular agricultural purpose. The
presently available sensor and drone technologies can
be deployed to do imaging and mapping to monitor
plantation operations – growth and nutrition of palms,
pest and disease outbreaks, conditions of drains/
bunds/flooding, and application of pesticides with
minimum exposure to workers. In plantations these
are widely used and it is especially essential that large
plantations rely on aerial surveys to help in the overall
reduction of labour needs. Technology is extended
to monitor all other plantation operations – planning
of plantings/replantings, monitoring growth up to
digitizing individual palms for records on yields. Digital
inputs are also being used for FFB, harvested bunches,
and data can be tasked with sizes of a few ha, what can
be done is transform to digital data to task view maps.
This is useful as it is difficult to micro manage on the
ground and problems can be revealed from data on
the smartphone; workers can be sent to the site on the
ground to see if the problems are real and corrective
actions taken.
Technologies are important for monitoring work and
productivity as we now cannot send management
staff to cover large areas. Data on yield and imaging
by drones are used for problem solving which are
not obvious. It can easily be determined if particular
sites, blocks or units in the plantation may have a
problem in low yields. If detected then staff will have
to check out the problem on the ground and how to
resolve it depending on whether it is pest or fertilizer
or disease problem. Check lists for low yielding areas
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can also be identified and palms can even be counted
automatically from imaging provided by drones. With
software the computer can automatically provide
analysed data so that previous manual chores are
eliminated. On ground visits we can use drone images
in smart phones instead of just maps and we can
directly target problem or potential problem areas
and even individual palms. Basically I would use the
tagline of AirAsia that everyone can fly because prices
of drones have dropped sufficiently to be affordable
and that it doesn’t take too much of skills or expertise
to operate them. Digitized technologies such as we
have seen in smartphones, drones, fertilizer/pesticide
applications or harvesting tools should also include
data collection, data analytics, etc. The overall big data
provided by industries worldwide have changed the

Technologies that Reduce
Labour
byGuillermo Rothflug
Before I start perhaps I should comment that the
quality of the speakers have been impressive. Many of
you are from companies that have to make decisions.
In S America we face much of the same challenges as
you have here. As humans we have to decide to take
on new technologies as it sometimes means jobs
taken over by machines but this is considered standard
today. There may be skepticisms and questioning
of learning required to bring in computers to the
workplace during my time. Of course computerisation
may be a standard today but when it was new it seems
like bringing problems which need investments and

way we do business and changed our lives in terms of
entertainment styles. Finally I want to conclude that
the oil palm industry should exploit technologies in
the right manner to be part of sustainability.

MR Chandran: Thank you, Patrick. He has shown us
the remarkable developments in technology so far as
communication is concerned. Technology tools can be
used to solve many problems. If we can identify problem
areas, e.g. drones to be used identify that fertilizer is
properly applied and not to the roadside as in the SOPs.
Such simple problems can be solved.
We will now move to the final speaker Guillermo Rothflug
who will elaborate on ‘Technologies that reduce Labour.’

re-education but that phase passed and we now
have 5000 computers working over a period of 8-10
years. From the first computer introduced people
realized quickly its worth in increasing efficiency and
productivity. Because of cost people may not ask for
equipment initially whether in the office workplace
or plantations but as they take up new technologies
and find that they improve operations they will move
to focus attention on applicable technologies to use.
My opinion is that plantations will have to take up new
technologies otherwise in the longer term they will
end up losing time as well as money.

MR Chandran: The message is very clear. We need
precision farming and to adopt useful technologies. We
need to invest in new useful technologies. There will be
expenditure but will be balanced by long term gains.
Major developed countries – Australia, Canada, EU and US
have considerable expenditures to fund R&D, around 2%
in order to sustain their farming. In comparison Malaysia
has a cess of RM11 for every tonne of CPO and PKO. It is
unfortunate that this is fixed whether the price of CPO
is at RM2,000 or at RM 2,800. It is not on a percentage
basis and I told this to the minister and this needs to be
corrected. We must have adequate funding, unless there
is enough R&D funding there will be no breakthroughs.
Otherwise, we will continue to bemoan about
stagnant yields.
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MR Chandran on the question raised by Joseph Tek.
Gen-Y&Z have different aspirations so what incentives
are needed to attract them to the oil palm sector? I
am really thrilled to see that many of the young are
attracted to AAR and you have seen from their world
class presentations. Is it wage or other incentive?
Comments by Paramanathan on average yields.
One of the factors is the planting on unsuitable land.
It used to be that 18° slope is the limit, but then this is
extended to 20° and we can even see 30°. Shouldn’t
the government ban this or the RSPO or MSPO have
criterion against this. Such plantings should not be
allowed in order to ensure that low-yielding regions
are removed from being part of averaging
MR Chandran. Good point. We have large expansions
in oil palm and also a good amount of replanting.
Large scale plantings are sure to have problem as
there is Dura contamination. Can we be sure of 98%
Tenera? The usual reply is that plants are bought
from reputable sources. On taking tests we see high
contamination so there should have been guarantees
or culling at the nursery stage. There should be more
than self-regulation against planting on steep slope
which is also not to be replanted and this goes for
marginal lands as well
Joseph Tek. Each company should have their own
self censure, this will be the first step. Steep land has
always been a problem for workers and transportation.
Nowadays we can have the land checked by
technologies, not like in the past. If the terrain is steep
it will not be productive, it costs money to develop
and it easily cause runoffs and soil erosion. If it is not
suitable, why do it? One should commit as the first step
to not using steep terrains as the first question to ask
is how this can support mechanized transport. Steep
terrain will be difficult even for humans to walk and we
are not yet using machines intensively.
MR Chandran. Good valid point, self-censure
especially when trying to meet the different sets of
criteria for MSPO, RSPO and CSPO.
Question by SH Goh. Can I ask Rajinder to elaborate
on how we are to compete with the annual crops
in the area of gene-editing technology. We know
in agriculture we are doing very well all over the
world and things have been getting cheaper from
productivity advances. We have missed out on genetic
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engineering on the oil palm and now we see that
Canola can provide oil yields of 3 tonnes/ha in some
small commercial farms and this is the average yield of
CPO in Indonesian plantations. What can we expect in
the future from gene-editing technology on oil palm?
Rajinder Singh. The first thing is that we cannot stop
technology from evolving. We know that gene editing
has been applied to annual crops. We have to see how
we can do gene technology on oil palm and how well
we can apply this technology to palm. We are now
focusing at how we can modify oil composition where
the annual crops have a lead advantage. It can be
done but we need first to have a better understanding
of the genes and genome of the oil palm and the
biochemical pathways we can modify. In genomics
the annual oil crops have a definite lead advantage,
especially the known pathways to formation of fatty
acids. It is definitely a challenge for the oil palm. To
increase yields we can have adaptation of knowledge
from other crops. We are coming to see some success
in the gene editing of annual crops, we can learn from
their experience, learn from techniques developed,
and these will form the learning base for oil palm
research. Our increase in yields at present can come
from productivity and agronomics, we can also
depend on our own work on breeding for disease
tolerance, drought tolerance and easier harvesting.
Some benefits can be from gene technology but this
will take some effort. Meanwhile we learn as we let
them to lead-charge the way in the study with annual
crops. Moving forward, to keep up with the advances
of the annual crops we need funding for this new area
of research.
MR Chandran. Can you explain the genomics
advantage for the oil palm that you mentioned earlier?
Rajinder Singh. There is a need to replant much faster.
For annual crops, the cost of year-to-year plantings is
small in a short time frame but for palm the trees are
for 25 years. I had earlier provided some comparisons.
Cost-wise it becomes more advantageous for oil
palm if we get high yields for more than 25 years. We
have seen that yields of annual crops have reached a
plateau and not much more can be expected. Annual
incremental yields will not be significantly higher to
what have been seen but will possibly plateau. In palm
we have discussed earlier on the higher yield potential
but now the constraints are in having good soil and

Malaysian Oil Science and Technology 2017 Vol. 26 No. 2

SUSTAINING HIGH PRODUCTIVITY IN OIL PALM

sufficient water and in management of labour, pest/
disease and agronomics.
MR Chandran to KJ Goh. We must get to know how to
get people trained for this industry. We are impressed
that you can have new people in your company for 2
years and are able to present so professionally.
KJ Goh. Most of us work for 20 years or more and there
has to be planning for succession. It is company culture.
There is involvement in time for senior staff with new
Gen-Y&Z. We set time goals for all to gain confidence
in work for the company. There must be human
compassion not just about work and in research all
individual researchers need freedom of expression
and to speak out on problems and ideas. I think salary
is not the key but it is important that there is no worry
on finance or something as bad as worrying about
next meal which then means that there can be no
research. We expect employees to stay on for 30 years
and to be better than seniors after 5 years in what they
are doing.
I would like to ask Rajinder on the gene editing
advantage for yield from development of various
useful traits. But what about other problems, e.g.
tissue culture.
Rajinder Singh. The first thing is to realize it will be
some time before we catch up on the advantage of the
annual crops advantage in the use gene modification
and now gene-editing. You are right about the need
to overcome the issues facing tissue culture for the oil
palm. As a late starter we need to get the techniques
for oil palm. We must know what target to edit. There
are some for annual crops and that we can look for
similar pathways in the oil palm. They have a head start.
When we get started we must know tissue culture is
ready with problems sorted out. Presently we still have
genomic technology from our abundant germplasm
collection. We can use them and as we have seen
try gene modification on focused areas. With gene
editing, we can push a little more but we need to find
the things we can incorporate in the palm. There is
genetic potential unexplored. We have possibilities
not exploited and we will have an advantage if we get
to work on them.
MR Chandran. The tree crop has tremendous
possibilities.

Question on university curriculum. As students we
are introduced to the 4th industrial revolution. From
daily use of office work programs we have moved
on to image processing and various IT facilities up
to whatever AI that is available. The universities can
provide all the elements in the curriculum. How is it
that the companies cannot use the facilities available
and how further not to use available graduates? MR
Chandran requests Joseph Tek to reply
Joseph Tek. Certainly we appreciate the young
generation that come into the workforce knowing
the use of technology. As part of modern education,
the primary schools have started using computers, in
secondary schools they learn to useful work programs
and code. There are also training schools with
suitable curriculum in technology. The corporations
also provide in-service training: normally they go
for induction or introduction courses to technology.
These always change and therefore there is continual
and continuous training. Then there is IoT but we find
the prerequisites are not there. It is not just hardware
even as there is opportunity. Rather it remains a
challenge for universities to provide leadership to go
forward. Education is complex and times are always
changing so that precise training for the future needs
is usually not always achievable. It is difficult to think
that universities should tailor curriculum for each and
every business sector, they shouldn’t. It is not like
the needs of most of the civil service but in business
competitive targets are moving faster in the digital
age; the employee has to justify his work outputs
according to what he is paid and he has to think about
making profits for the company and shareholders.
We are surprised at number of institutions having
curriculum for the plantation industry, totaling 5060. It is all right if they provide book knowledge
on the industry but many cover business and even
management. But is it possible to be fulfilling
requirements for the industry or can the teachers have
sufficient experience in the relevant fields? There must
be relevant engagement before doing curriculum
for any semi-professional vocation. There must be
fruitful stakeholder engagement. On compassion, I
was saying there is the human side of plantation. It is
not like the days of the colonial masters. The human
side is necessary for Gen-Y&Z. I must also add that with
change there is opportunity. With Gen-Y I used to find
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them enlightened with adopted technology which is
a precursor to enable connectivity. We must realize it
is not just hardware but relevant software and then
connectivity occurs with stakeholders.
MR Chandran. Before I give a summary, we have
continuing interest on KJ Goh’s engagement for new
Gen employees. I am impressed by Miss Teo and would
ask her directly for a simple short answer.
CJ Teo. We have good bosses who spend time
mentoring us to be independent researchers.
MR Chandran. So the secret in engaging the Gen Y&Z
is boss mentorship. I used to remember the hours I
spent with the colonial planters, the walking time to
examine each palm. I was told that I did not take notes
the first time, and after that I had to learn to take notes
and learn well during later walks. What Joseph said
is also true on time spent with the palms. In the ISP
exams, we find that the failure rate is as high as 60-70
% and all were university graduates being tested on
simple things related to soil science, book-keeping and
agronomic practices in fertilizer application, pest and
disease management. Management must also manage
and try to keep talent and not just appreciate a person
because he has done a good job in a particular sector.
He needs to be exposed to other areas so that he has
a broader horizon when time comes for promotion.
There may be a need for a change in company culture
if it is not already in place.
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We are coming to the final, I want you remember this
concept of VUCA, i.e. volatile, uncertain, complex and
ambiguous. That is the world of VUCA when things
are unpredictable or even chaotic. I shall give you an
example: who would expect that CPO would be at
RM2,800 average price when every single expert came
to say prices will fall to around RM2,200 region because
of increasing stocks and expected crop recovery after
the El Nino.
Some time ago at a discussion with Tan Sri Ong at
MOSTA we put up a lesser publicized observation.
We are not dealing with the seed, we are not dealing
with a nut but we are dealing a fruit and we have a
fruit oil and not CPO. The fruit is always superior to a
nut, or a bean, etc. People had said increasing stocks
would put a downward pressure on prices. But I notice
this is a rare occasion this is now what I call intrinsic
value of palm oil. Finally we come to realize come that
most or even all companies expect bumper profits and
will share profits with you all. So expect handsome
bonuses this year!
Note. Other contents are described in pp 109-114.

Abbreviations. AI = artificial intelligence; bln = billion; ERP =
Enterprise Resource Planning; FFB = fresh fruit bunches; GDP =
gross domestic product; GIS = Geographic Information System;
GPS = Global Positioning System; IoT = Internet of Things;
ISCC = International Sustainability and Carbon Certification;
IT = information technology; mln = million; SOP = standard
operating procedure; t/ha/yr = tonnes per hectare per year
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Recipe for High, Sustainable Oil Palm
Yields: Summary Highlights of MOSTA’s
Best Practices 2017 Workshop
by MOSTA

Summary Highlights of Presentations
MOSTA successfully concluded a 3-day comprehensive
workshop on best plantation practices with “Recipe
for High, Sustainable Oil Palm Yields” which includes
1-day visit to two estates in Perak from two outstanding
Malaysian palm oil companies, KLK and Sime. This
event augments the present nation-wide efforts for
sustainability in bringing awareness of available best
practices and to encourage rapid adoption.

among several generations of employees. The multiple
generations at work provide a continual challenge to
the management for productivity increase with new
technology and talent retention.

Tan Sri Lee of KLK gave an inspiring exposition of the
plantation industry in celebrating 100 years of oil palm
but is concerned of the industry’s complacency of the
present oil palm’s yield advantage as other oil crops are
catching up in their incremental yield increases yearly
and also in providing desirable oils for consumers.
There is an urgent need of rejuvenation of the industry
especially in terms of policies and management using
best known agricultural practices in view of the critical
labour shortage, even with well-known advances
that available new planting materials can double the
current stagnant average yields, apart from providing
other useful characteristic traits of new palms.

Much of high sustainable high yields of oil palm begin
with the biology of the palm and well researched
generations of commercial palms are provided
by Applied Agricultural Resources Sdn Bhd (AAR).
Photosynthetic aspects to optimize palm oil yields
are described by Dr C K Lim. Little change can be
effected in intrinsic photosynthesis and the present
best practice is to limit avoidable abiotic stresses and
to implement good agricultural practices. Dr C J Teo
provided the latest advances in commercial planting
materials. AAR’s semi-dwarf, high oil-yielding planting
materials have been commercially available and these
combine high yields, dwarfness and compact frond
size. Oleifera-guineensis hybrids are recently developed
for useful traits – disease resistance, high IV and
carotene, low height-increment and compactness,
low fruit abscission, low lipase and virescent fruit. OxG
hybrid oils are attractive as oils of consumer preference
being perceived as a “tropical olive oil”.

Joseph Tek of IJM urges for a dynamic approach for the
management of new generations of digitally-minded
workers and mining for passionate talents in the
noble pursuit for feeding humanity. High sustainable
oil palm yields need to embrace infrastructures
and social responsibility. With 100 years of oil palm
commercialization, Malaysia has established much
of sustainability in terms of balancing the qualities
of 3Ps (planet, people and planet). A philosophical
approach also emerges as capitalistic competiveness
demands Creating Shared Value from Corporate Social
Responsibility in the plantation business. Employees
in the plantation are very diverse where a positive
culture is promoted with sustainable engagement

The oil palm genomic research has finally caught up
with the classical genetic breeding advances using
the extensive germplasm collection of MPOB to assist
in providing hybrid palms with useful traits for future
plantations. Oil palm genome research has provided
useful insights into the SHELL and VIRESCENS genes
which govern yield and fruit colour (Rajinder Singh).
Epigenetic consequences of KARMA causing fruit
abnormalities have been discovered and practical
DNA test kits are now available to avoid planting of
undesirable palms. Future possibilities of gene-edited
oil palms are now possible. Harikrishna K described the
development of a single nucleotide polymorphism
(SNP) marker for genomic selection to the accelerated
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improvement of oil palms. Genomic selection was
used to shorten the breeding cycle through removing
the need for progeny testing and Dura phenotyping in
the case of mother palm selection.
Land with tropical sunshine and good/even rainfall
(>150 cm/mth) without long periods of drought are
prerequisites for oil palm growing. Reasonably good
and well-drained soils on slight sloping or undulating
topography are ideal, augmentation by appropriate
fertilizers are also needed for sustainable high yields
(Paramananthan). Some types of suitable peat soil can
be harnessed for oil palm cultivation by managing
water table levels.
After suitable climate and available soils have been
identified, land preparation, planting and amelioration
of growing conditions are optimized towards
sustainable high yields (Patrick Ng). Each particular site
has a Site Yield Potential (SYP). With optimum inputs,
minimizing environmental impacts and addressing
socio-economic concerns, yields approaching the SYP
and accompanying profitable returns can be realized
by companies. Land preparation, planning/design for
initial planting with good ground cover should be
given the highest priority as SYP is much determined
by limiting factors such as planting material, soil
conditions, terrain, nutrient availability and climate
(rainfall and light). Post-planting fertilizer application,
maintenance of ground covers and microbial soil
biomass and various amelioration ways of optimal
growing conditions throughout the life of palms will
ensure high sustainable yields.
Moisture is one important factor so that rainfall
pattern and site selection/preparation are of foremost
consideration in determining the suitability and
productivity for oil palm planting. Even with sufficient
rainfall the oil palm, there are other sites with periodic
water-shortage (e.g. El Nino events) or excess which
will require irrigation or drainage, respectively, as
evaluated by Lee Chin Tui. Water stress adversely
affects vegetative palm growth, female flowering and
bunch formation and even affects OER during rainfall
recovery periods.
Tropical soils generally are low in nutrients and fertilizer
use can be up to 30% of production cost (Vijiandran
JR). Proper timing and placement need to be ensured
for maximum intake and minimal loss principally from
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runoffs caused by rain. Optimal applications of NPK
& Mg are in relation to soil types and terrain while
Fe and micronutrient deficiencies must be corrected.
Mechanization has recently been introduced for
accurate fertilizer application at fixed or variable rates
with computer control and geo-referencing (Guillermo
Rothflug).
Efforts to study and control of the most serious
disease of the oil palm, basal stem rot, due to
Ganoderma boninense has led to the sequencing of
its genome (Cheah Suan Choo) with the hope that
an understanding of this and its interaction with the
genome of the oil palm will lead to original ways of
disease control.
Plantation-wide management against the dreaded
Ganoderma basal stem rot remains of critical
importance as there is no solution except sanitation
and appropriate excavation, chipping and proper
disposal of diseased palm parts into conservation
trenches and kept immersed under water to destroy
fungus and to prevent Oryctes rhinoceros beetle
infestation (Sime lowland estates). Adaptation to
Ganoderma-endemic areas is by high density planting
of 180 palms/ha allowing for thinning to 140 palms
over the 25-year planting cycle. Planting resistant
palms and the introduction of bio-control microbes
against Ganoderma are promising strategies (Goh
You Keng). Meanwhile total removal of root and trunk
materials is recommended to prevent infection spread;
drains and high water table appear to contain disease
spreading. Recently Trichoderma fungus inoculum has
been introduced (Hamdan Ibrahim).
Sustaining high oil palm yields will need the
management of numerous pests such as insects
(bagworms, caterpillars, rhinoceros beetles, mites
and termites), rats and some other animals; timely
intervention inputs are essential (GF Chung). The
prevention of crop losses from these pests also
involves the adoption and practice of integrated pest
management to provide effective and cost-effective
management through implementing good agricultural
practices. Goh Yew Keng discussed the diseases
of the oil palm with basal stem rot by Ganoderma
boninsense being the most serious. As no reliable
treatment of this disease, it is necessary to adopt good
sanitation practices.
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Management (Ramesh Veloo) features prominently in
yield-gap analysis and accounts for as much as 20-30%
of below-expectations yield potential. Management
of crop losses includes optimizations of harvest
frequency, fruit ripeness, harvesting, transportation
infrastructure, overall tree architecture management
(pruning, etc) and even security. Management,
availability of labour and mechanization together
determine efficiency and productivity of oil palm.
Mechanization remains the bug-bear in the industry
especially in the present challenging times of lack
of labour and rising costs. Mechanized harvesting
has shown improved efficiencies especially with
lighter electrical Cantas but still unable to harvest tall
palms (Norman Kamarudin). Harvesting machines on
wheels are being developed for tall tree harvesting
and pruning but costs have to fall below the present
manual methods using long light poles. Collection of
fruit including loose fruits, transportation and delivery
to mills have seen and evolved a series of vehicle types.
Curiously, the buffalo cart with modifications remains
cost-effective and manageable on most terrains (Liew
Yew Ann).
Drone and Mobile Technology has shown rapid cost
reductions corresponding to computing technology
evolution and has a large impact in the management
of large plantations (Chen Zi Yan). Applications
to planning for plantings/replantings, individual
palms can be digitized from young to maturity and
importantly areas of pest and disease or nutrient
shortage can be identified quickly for remedial
measures from management. Remote sensing is in
the process of development and can provide greater
amounts/types of data and information whereby
future IT big data analytics will be depended on to
assist management.
The final panel discussion are by four able experts:
Patrick Ng, Rajinder Singh, Joseph Tek and Guillermo
Rothflug. The chairman, MR Chandran recapped on
the workshop theme: Recipe High Sustainable Oil Palm
Yields, two key words being high and sustainable. It is
highlighted that the palm oil industry is a significant
contributor to national economy with total workers
involved at 600 thousands inclusive of 550 thousand
workers directly in the plantations. The industry
accounts for 6-7% of the national GDP. Export earnings
are no less than RM65 bln to RM83 bln in the last few

years; that is strength of this unsubsidized agriculture
industry which contributed much to national taxes, so
that it is important to ensure continued sustainability.
What are the recipes for sustainable oil palm yields
of plantations and smallholders? Firstly suitable soils,
temperature and sufficient rainfall are prerequisites.
In addition we have best management practices,
physiology of the oil palm, efficiency of fertilizer
application, pest and disease control, mechanization
and application of new technologies (remote sensing,
precision agriculture, mobile computing technology,
GPS, AI, etc); all play important roles in sustainability.
Then there are external challenges but they are
manageable: agri-land constraints as a limitation
of 5.7 mln Ha agriculture land is in Malaysia and this
is likely to remain at <6 mln Ha, labour shortages,
environment degradation, erratic weather conditions
such as El Nino or La Nina, poor management practices
(unfortunately) on the ground, rising labour and fuel
costs, Garnoderma infection remains a critical issue
as research over several years have not made any
significant breakthrough except by control practices of
management. Now all these factors affect productivity.
The breakthrough in the genome sequencing of oil
palm and new knowledge will help in the present
conventional breeding of useful palm traits and to
move forward to the true potential of oil yield at 18
T oil/ha/yr while our best estates have provided 6-7
T but the national average remained at only 3.9 T for
decades. The bottom line is: increase of productivity
per unit area equals sustainability. In order for our
tree crop to be sustainable there is a need to maintain
and improve overall yields of 1-2% annually as
demonstrated by many other oil crops.
Joseph Tek was tasked on “What are the micro and
macro management challenges in the industry?” Here
there is a need to distinguish whether it is plantation or
business per se. The industry is not as well as we want
it to be, mainly that we are not getting sufficient talent
but have to make do with what is available. We are not
a manufacturing or IT or construction business but
are basically farmers producing a commodity, palm
oil, which like all commodities go up and down. So
yield, cost and productivity become important and we
depend on a margin of profit. While today’s CPO price
is a comfortable RM2,800, it is worthwhile to ponder
on a scenario when prices of palm oil fall to RM1,800,
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imagine how sustainability can be managed for wages,
fertilizers and prices of maintaining equipment and
machinery. Prices go up and down over the years but
costs always go up so that the company depends on
the margin of profit on prices and costs of production
to be viable and sustainable. Again, management of
palm oil companies are different because of differences
in involvement in various stages of the supply chain
to palm products. The key point remains that we are
farmers, commodity player and always a price taker.
On management today we are working with multigenerational workers and there are great differences,
e.g. Baby Boomers are retiring with their skills and Gen-X
like myself who have set goals take over but it is difficult
to micro-manage the totally new Y and Z generations
who have different aspirations and outlooks of life.
Management needs to look at technology to address
needs for IT and life-work balance and it is critical to
find and fit suitable technologies into management
and workplace. For example, new technology has
provided platforms for purchasing goods and services
which provide economies of scale. It is not clear how
future technologies can provide other opportunities
and that management can be helped by embracing
new technologies – cloud, IoT, big data analytics, AI
and robotics, even though presently drones, remote
sensing and digital technologies do form but only a
small part of the plantation management operations.
While opportunities are there it would take some time
before IoT and sensor technologies can reach the farm
for realizable autonomous vehicles and AI-guided
robotics that are practical and economically viable.
Meanwhile in the background of the digitally minded
workforce, opportunities from different technologies
and the production of an important agricultural
commodity need to be blended for macro- and
micro-management and for this perhaps we should
consider what the Japanese call “Ekagai”. Here skillsets,
passion, vocation and mission are blended in the new
workforce to conform to their aspirations and drive the
industry forward. Presently, perhaps there is much to
appreciate the following facts about oil palm in global
agriculture: of the global 13.4 bln Ha land area, only
about 1/3 (37 %) is agriculture land or about 5 bln Ha
and out of this 3.45 bln Ha or 2/3 are pasture leaving
1.55 bln Ha or 1/3 of arable land for crops but only
18.87 mln Ha is taken up by global oil palm against the
total 5 bln Ha agricultural land. This means a miniscule
0.38% of global agricultural land is used by oil palms to

112

contribute to 30% of the global edible oils production
of which Malaysia uses an incredibly small 0.11% of
global agricultural land to contribute to 10% of global
oils production and 20% of the 55% of global edible
oils exports. It is difficult to comprehend how the world
can continue to thrive without Malaysian palm oil.
Rajinder Singh addressed the question on how
genomics can boost the oil palm industry. Here, there
was lament on stagnant yields presently when this
was exactly documented more than a decade ago.
Agricultural advances from the green revolution,
typically use of fertilizer and breeding of annual dwarf
crops to obtain high yields, have reached a plateau and
considered to be over. Genetic engineering has since
taken over and has benefited annual crops allowing
for the development of GM crops for higher yields
and desirable characteristics. Benefits of the genomic
revolution comes more slowly to the oil palm due to
its long maturity time but many important strides
have been made from classical genetic research to
boost productivity. The recent elaboration of SHELL
and VIRESCENS genes as well as the understanding
of KARMA epigenetics and the plethora of related
knowledge will help in boosting breeding and tissue
culture of palms. Presently palms commercially
available from AAR and Sime are capable of producing
8 T oil/Ha/yr and even as high as 11 T. High yielding
semi-dwarf palms are close to commercial availability
while Ganoderma tolerant palms are being developed
by Sofindo and FGV. With the recent wave of climatechange disasters, genomics-assisted breeding for
drought tolerant palms has been initiated. CRISPER Cas
gene editing, the biggest breakthrough in Genetics
(by Jennifer Doudna of Berkeley and Feng Zhang of
MIT), has already provided rapid benefits for annual
crops but will also be promising for the oil palm.
Patrick Ng elaborated on operational efficiencies
by using new technologies. He commented that
humanity had taken great strides since smoke-signal
era 3,000 BC ago and then drums and pigeons.
Communication jumped to Morse-code, radio,
telephone, fax, wireless and then the first mobile
devices came in the size of a brick but that led to the
present touch-screen smart phones with internet 4G
connectivity and soon 5G speeds will come around.
Digital communication changed rapidly and changed
the way we do things. We can choose to adopt new
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technologies, e.g. as transportation gets disrupted
we now have smartphones to call Grab and Uber and
spend less time waiting for taxis. Simple daily chores
can be taken care of routinely on the smartphone
and the possibility exists that all work planning
and costings can be put on a hand-held screen.
Plantations can use technologies for planning of land
purchases/design instead of working by trial and
make mistakes. Technologies can be used to monitor
plantation operations, obtain data on growth, palm
health, yields, harvesting and transport and these
digital data are transforming management even at a
micro-level. Whole estates are managed in blocks and
smaller units and even to individual palms if needed
with monitoring data on maintenance, harvesting
and yields. Smart phones, GPS, remote sensing with
satellites and drones can detect problems, determine
locations, locate exact field site, identify problems and
if real management can proceed to the ground resolve
them. With software for automatic analysis of data
and images from drones, management for efficiency
and productivity of large estates becomes essential
especially due to the lack of labour in the fields. It is
still in the future for the availability of autonomous
vehicles/drones, other AI technology and appropriate
mechanization when and if they become practical
and cost-effective for below-canopy work in sensing,
monitoring, harvesting and transportation of fruits to
alleviate the endless problems of labour shortage.
Guillermo Rothflug explained that technology has
been beneficial in reducing unnecessary human
labour in boringly routine tasks. The concern that new
technologies and automation can bring problems
of unemployment and excessive investments
may have been misplaced if we remember what
personal computers, laptops and then hand-held
tablets did in providing workplace efficiencies and
increased productivities. Presently we are faced
with the challenge of taking up new technologies
which create opportunities and it is for the new
generations to harness their potential for the particular
industry needs.
The chairman drew attention to the need of adequate
funding to be able to advance research in the present
age of genomics and new technologies so that the
new green revolution for the oil palm can be realized
or even just to be able to improve the present oil

palm yields. On stagnant yields, it is pointed out that
marginal, low-yielding slope-lands (it should be <18°
slope) are being planted (Paramanathan) and it is also
noted that much replanting did not eliminate Dura
contamination in Tenera plantings. On the remarkable
progress of gene editing in other competing oil crops, it
was commented that we are in the process of applying
the many research results of conventional genomics
research in so many areas (yield, oil composition, palm
architecture, disease-resistance, drought and salinity
tolerance, etc) and will have to await and learn from
other crops and as noted new areas of research require
new funding. On the advantage of the oil palm over the
other competing crops, gene-editing will be expected
to be faster on annual crops but yields will remain
incremental and not exceptional but other traits
such as disease-resistance and drought/weedicidetolerance could add more benefits. The oil palm can
gain more in terms of yields and other improved traits
after plantings. It is noted that other crops have a lead
because of their experience in genetic engineering
and that many genetic pathways have been worked
on but it is possible to learn a lot from their research.
There are already tremendous opportunities in the
genetic potential of the oil palm from our germplasm
collections and breeding research and these have not
yet been fully exploited. In gene-editing it is still not
clear how to get this to work on oil palm or then what
are the best targets to edit; perhaps low-lipase trait
can be a possibility and after that our tissue culture
capability needs to be improved even with available
gene-marker kits.
On engagement/employment of young generations,
Goh KJ of AAR explained that it is not salary that is
paramount but after providing sufficient salaries it is
the company culture in encouraging and retaining
talent. It is inclusiveness in administration and a
collaborative spirit in forging company objectives, and
from the point of the employees it is mentorship and
freedom of expression of individual ideas in problem
solving to be in line with the company expectation that
they should be better than their seniors after a number
of years. Further opinions on getting new blood into
the plantations dwell on education and training which
surprising seem to be more than adequate in terms
of numbers but it is noted that engagement with
the industry and relevant stakeholders must be most
important. The industry has also provided in-house
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training and engagement with the new generation and
further efforts on the human factor and compassion
are introduced. Hardware is already available and it
is software connectivity among relevant parties and
employees that is important and is encouraged to be
made widespread. The learning process is continual
and does not stop while technology keeps changing.
On this topic the chairman emphasized that companies
need to have a culture of exposing talented employees
to learning various aspects of their corporation in the
course of their retention and promotions.
In a concluding note the chairman introduced the word
VUCA, i.e. volatile-uncertain-complex-ambiguous
which is the state of the world we are living in. Apart
from the many geopolitical uncertainties, one good
example is the present price of palm fruit oil which
is today in excess of RM2,800 per tonne when all the
expert forecasters are predicting lows of RM2,200 or
less. The world may have finally come to appreciate
this fruit oil is not like any other grain/seed oil and
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the intrinsic value of palm fruit and kernel oils with
nutritional and many other functional properties is
now being realized. It is inevitable that the long-term
decline of prices of agricultural commodities has to end
as the limiting acreage of global agricultural land and
fresh water are being encountered. Even so, it is truly
amazing to find that it is still possible to bring palm
fruit oil from farm to fork in such quantities and at such
affordable prices to benefit humanity. It is even more
remarkable that this can realized from a third-world
country despite the complex management knowledge
and intimate care needed for the multi-steps in the
production chain (land, soil, water needs, geneticbreeding materials, fertilization, growth/pest/disease
control, harvesting, transport, milling, processing and
export).
[Oil Palm Best Practices Workshop 2017: Recipe for High,
Sustainable Oil Palm Yields. 12-14th Sept. 2017, Ipoh, Malaysia.
Reported by SH Goh]
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Palm Oil Quality Improvement from
FFB to PPO: Summary Highlights of
MOSTA’s Best Practices 2017 Workshop
by MOSTA

Summary Highlights of Presentations
Palm oil quality from FFB to PPO or from farm to
fork requires quality control along the whole value
chains beginning from harvesting of fruits, their
handling, transportation to the mill for multiple steps
in sterilization and oil extraction, etc. before more
steps in refining and processing. Ng & Ng focused
on the engineering aspects of managing impurities
from harvesting of fruits to the processing at the mill.
High DAG, corresponding to high FFA, and chloride
impurity are responsible for the formation of the trace
contaminant 3-MCPDE. As DAG and FFA is the result
of lypolytic hydrolysis, these can be minimized with
care in harvesting, handling and rapid transportation
for sterilization at the mill. Chloride comes from water
and estate fertilizer KCl and it is noted that boiler
water concentrates chloride and need to be changed
frequently else boiled-over water will be responsible
for high chloride contamination in sterilizer
condensate oil. It was identified that waste oil streams
from condensate, mill effluents, sludge, and fibre are
high in impurities including chloride and need to be
separated for other uses and not contaminate food
grade CPO. Standard quality CPO at 5% FFA and DOBI
2.5 still contains impurities that cause formation of
significant trace contaminants (> 1 ppm) after refining.
Less problems will be from use of high quality premium
CPO, achievable at specifications 2.5% FFA, DOBI >2.8
and M&I of 0.2%.
Marc Kellens provided comprehensive data on ways
to mitigate the formation of 3-MCPDE and GE typically
from edible oils with relatively high DAG, i.e. CPO and
rice brand oil but also corn, sesame, walnut, hazelnut,
olive pomace oil, etc. Focusing on the FEDIOL’s hastily
proposed limits of < 1 ppm GE for Sept 2017 and
followed by some EU’s manufacturers suggestions

with 3-MCPDE (< 1 ppm) and GE (< 0.5 ppm) for 2018
expressed as free 3-MCPD and glycidol.
Firstly, in physical refining 3-MCPDE is formed from
heating during the degumming and bleaching steps
involving bleaching earths while GE forms only at
higher temperatures (>240°) during de-odourisation
and stripping steps. Optimizing refining conditions can
up to a point mitigate the process contaminants to the
proposed limits and a first useful step is simple waterwashing to remove impurities before physical refining.
Water washing removes 60% of P and almost 90% of
inorganic ions (Fe, Ca, Mg, K) which means a reduction
of chloride ions. GE being formed at high temperatures
and being volatile can be more readily mitigated using
lower temperatures of 220° (with or without lower
pressures) for de-odourization after a fast stripping
temperature of (>240°). Packed column operating 220240° and up to 260° with short residence times works
as well to provide <0.2 ppm GE and satisfactory deodourisation (0.04-0.12% FFA).
Mitigation of 3-MCPDE in standard CPO quality is a
little problematic as “water-in-oil” impurities include
chloride ion as salts remain in emulsions due to
phospholipids and DAG especially in standard CPO
with high (5%) FFA. Bleaching temperature has to be
low and bleaching earths must not be activated by
HCl. Use of neutral bleaching earth reduces MCPDE
but may not effectively provide bleaching; other
absorbents (silica, zeolites, etc) are useful but costly
and results are not general but differ among batches
of CPO. Double bleaching procedures also help. Post
refining treatment with strong alkali provided mixed
results. One cost effective way is to use phospholipase
to reduce “water-in-oil” impurities enhancing the
water washing step of CPO. Final 3-MCPDE levels may
be brought down to <1 ppm. Otherwise, chemical
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refining has to be used if the soap-stock problem can
be eliminated with specialized technology but this is
also limited if CPO quality is poor.

7.

New Technologies in Palm Oil Refining to Mitigate
Various Contaminants with Special Focus on
3-MCPDE and GE by Marc Kellens

The basic problem of standard quality CPO is in the
high 5% FFA and DAG may be higher (5-7%) enhancing
the problem of emulsification by trace phospholipids
and help entrain chloride and other ions. CPO quality is
the key determining factor in mitigating MCPDE and it
is presently not a problem to produce food grade CPO
with 3.5% FFA, free from “waste” oil streams (for nonfood uses) in the palm oil mill. Good quality CPO (3.4%
FFA, DOBI 2.6) on water washing and physical refining
provides good quality RBDPO (0.04% FFA, 2.2R/57Y,
0.34 ppm 3-MCPDE and 0.42 ppm GE). Excellent
quality CPO (1.3 % FFA, DOBI 3.4) on physical refining
(unwashed) provides excellent quality RBDPO (0.03%
FFA, 1.2R/28Y, 0.46% 3-MCPDE and 0.27% GE). Chemical
refining of excellent quality CPO provides excellent
RBDPO (0.02% FFA, 1.2R/28Y, 0.08 ppm 3-MCPDE and
0.24 ppm GE). However, poor quality CPO (>5% FFA,
DOBI 1.7) consistently fail to have 3-MCPDE below 2
ppm by washing and physical refining and 3-MCPDE
fails to be reduced below 1 ppm even with chemical
refining (Kellens).

8.

Industrial Challenges and Actions on the Palm Oil
Processing Industry to Answer the Current Food
Safety Concerns of the Palm Oil End Users and
Current Consumer Groups by Michael Barkhuysen

9.

Towards Reducing Contaminants: Setting
New Targets for the Industry (Standards &
Specifications) in Forum Discussion by Choo
Yuen May

The workshop also featured
comprehensive presentations:

the

Summary Pointers
1.

It is a crisis situation if FEDIOL’s suggestion to the
EU consumers that by Sept 2017 vegetable oils will
have to meet the 1 ppm limit in GE and following
this by 2018, 0.5 ppm and 1 ppm limit for 3-MCPDE
(as the unesterified forms glycidol and 3-MCPD).
These levels will be difficult to meet by most
presently produced RBDPO and RBD processed
oils without costly post refining. Currently JECFA
and EFSA are looking into divergences of opinion
on 3-MCPD.

2.

The formation of these process contaminants
(3-MCPDE and GE) has now been established to
be from vegetable oils with relatively high content
of diglycerides (DAG) such as palm and rice brand
oils as well as other minor oils such as walnut,
hazelnut, sesame, olive pomace oil or even corn.

3.

Mitigation methods can be short term (involving
additional temporary steps in milling and refining)
or long term (involving plantation agriculture
practices, harvesting, milling and refining
modifications) to provide good quality CPO.

4.

For urgent measures in the short term some steps
have been suggested: (a) maintaining CPO quality
by excluding any form of low quality milling oil
streams, (b) washing of CPO by “chloride-free”
water at the mill or refinery, (c) lower temperature
bleaching and use of proper “chloride-free”
bleaching earths, (d) controlled stripping and

following

1.

Quality, Food Safety and 3-MCPD in Palm Oil Mill
Processing by Ng Say Bock and Vincent Ng

2.

Progress Towards Reducing Contaminants:
Setting New Targets for the Industry, by Choo Yuen
May, Tan Yew Ai, Goh Swee Hock and Augustine
SH Ong

3.

Best Milling Practices for Higher Oil Quality and
Lower Contaminants: Limitations, Pragmatic
Approaches and Challenges by Antony Bosco,
CW Ho and KH Lee

4.

Adopting Good Agricultural Practices on
Plantation – Sime Darby’s Experience by Abdul
Razak Ijang

5.

Adopting Good Palm Oil Refining, Storage and
Shipping Practices by Muhammad Mohan and
Mohammad Jaafar Ahmad

6.

Improving CPO Quality in Palm Oil Mills and
Best Practices to Mitigate 3-MCPD in CPO Wet
Processing by Frank Schoening
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10. Panel Discussion by MR Chandran with Panelists
Augustine SH Ong, Choo Yuen May, Marc Kellens,
Muhammad Mohan, Ng Say Bock and Aini Kuntum
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procedures that can ensure improved procedures
from harvesting, transport to oil extraction
but at a cost. A long term plan is needed for
the plantations of the future to be evolved as
the industry undergoes replanting and uses
new planting materials with useful traits – high
yielding, ‘dwarfness’, disease resistance, reduced
lipase/phospholipase enzyme activity, etc.

deodorization conditions of temperature and
pressure, and (e) post refining removal of process
contaminants. Details depend very much on the
quality of CPO batches, state-of-art of equipment,
methodology, capacity and personnel available in
the mills and refineries (Kellens).
5.

6.

MPOB will need to increase capacity to be
able to service the analysis of the new process
contaminants to cater to all the mills and
refineries. Limited capacity for the analytical
work are available in the larger integrated palm
oil companies as well as the local universities but
these need validation/certification.
While it is noted that a concerted effort is needed
for the overall palm oil industry in terms of
improving quality to meet the imminent challenge
of process contaminants, some of the better well
managed companies are already ready to meet
the requirements that may be demanded by the
Europeans; and this will possiby be followed by
the American and the British food industries.

7.

On the whole much depends on the Government
policies, noting that Malaysia has a leading
edge in the global oils and fats production as
palm and palm kernel oils have been accepted
globally for their nutritional and functional
properties for numerous food and non-food uses.
Agriculture may not be the highest priority in a
“high-income” economy but it still remains as an
essential component in any developed country.
Policy decisions needed to be adopted and
implemented in phases as the present oil palm
agriculture is still labour intensive while slowly
evolving for mechanization with elements of the
digital economy.

8.

Labour and mechanization contribute partly to
the quality of CPO and policy decisions must be
made to allow for sufficient and available labour
while the industry transforms to using more
mechanization. It is well known that reducing
FFA (and the corresponding diglycerides) will be
the major step to improve oil quality and proper
handling of fruits and minimizing the time of
transport and milling/oil extraction will lead to
better quality oils. Presently labour is still required
in harvesting but the industry has mechanization

9.

In meeting the challenge of process contaminants
urgent and temporary steps can be taken at
the mills to remove chloride by washing and
excluding side-streams of oil of lower quality. This
goes a long way to help in minimizing the efforts
of physical refining stage to reduce MCPDE and
GE contaminants. As to chloride which comes
from fertilizer perhaps potassium sulphate/nitrate
may be used for the longer term which could
add a little more to cost, otherwise recycling of
biomass, biomass char, biomass ash and effluent
minerals need to be seriously implemented.

10. It is noted that the process contaminants of
concern comes from the present quality of CPO
with 5% FFA. Malaysia also produces premium or
special quality CPO (MS 814) with specifications of
FFA 2.5% and DOBI 2.8 compared to the standard
quality of 5.0% and 2.3 respectively. The special
quality grade may not be able to be achieved
by all mills presently but the present achievable
targets for quality are 3.5% FFA and 2.5 DOBI. Such
better quality CPO will help refiners to reduce GE
and MCPDE levels, presently achievable at the
European specified limit of 1 ppm for 2017 but
barely achievable for the 3-MCPDE limit of 1 ppm
for 2018. Mitigation to suggested levels is still
possible at a cost, e.g. post-refining techniques
for the reduction of the contaminants or the use
of chemical refining.
11. As providing quality CPO will solve the problems
of the new limits set for process contaminants it
is imperative that Malaysian Palm Oil should be
moving to meet the more stringent standards of
food quality for the future. Perhaps CPO quality
and associated parameters should be set in stages
after consultation with all stake-holders, e.g. CPO
with FFA 4% in 2018 and 3.5% by 2020 while the
industry adjusts to meet the achievable quality
standards.
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12. Oils and fats markets have been evolving over
the years and all CPO with 5% FFA can be refined
for food or if food specifications are not met
they can be used for non-food purposes. But in
aiming to provide for the majority of food uses
one important policy decision has to be made
for the milling of palm oil for food industry. It is
well known that oil palm fruit milling provides
various low quality “waste” oils – sterilizer
condensate, EFB oil, fibre oil and sludge oil. These
and other high FFA oils should be for non-food
markets, e.g. demand for biodiesel in China, good
“double-counting” value for waste oils in Europe,
oleochemicals and if suitable for animal feed. In
this respect HACCP or ISO22000 may be planned
for implementation for all mills which provide
food-grade CPO.
13. The best of processed palm oils are for the
stringent infant formulas. Although there is much
criticism of palm oil from Europe it is worthy of

note that according to one US report “formulas
from manufacturer E (containing palm olein)
had the lowest concentrations of bound 3-MCPD
and glycidol, demonstrating the effectiveness of
industrial mitigation strategies”. It is likely when
high quality Premium CPO becomes generally
available, levels of process contaminants of
concern will be similar or less than the other major
oils and fats of the world.
14. In preparation for the future, other contaminants
which are not a problem in palm oils may be also
considered. Mineral oil leakages may present
problems for all milling and refining operations
but food-based lubricants and oils are now
available for use. Drying of copra and in some
instances of palm kernels need monitoring for
PAH. Plasticizers (e.g. phthalates) may need
monitoring as more plastic packaging are being
introduced.

Way-Forward Recommendations
1.

Recommendations and proposals for CPO specifications are given below.
Proposed CPO Specifications

% Free Fatty Acids (Palmitic)
% Moisture & Impurities
DOBI

Sept 2017
5
0.25
2.3

2018*
5 max
0.25 max
2.3

2020*
3.5 max
0.25 max
2.5 min

2025*
2.5 max
0.20 max
2.8 min

0.35* max
0.3* max

0.15* max
0.1* max

*free from waste-oil streams

Proposed Additional RBDPO Specifications

3-MCPDE, ppm
Glycidyl Esters (GE), ppm

1.0#

1.0#*max
0.5#*max

# Limits proposed by Fediol, for Sept 2017 (as MCPD and glycidol) and for 2018; * Estimates by
manufacturers with more stringent levels for infant formula, work is still in progress (EFSA).
Note: other PORAM specified parameters remain unchanged

Current Standard and Special Quality Specifications (MS814: CPO Quality Specifications) are given below.
Parameter
FFA % max
M & I,% max
PV, meq/kg max
DOBI, min
AnV, max

Special Quality (SQ) Grade
2.5
0.25
1.0
2.8
4

Standard Quality (STD) Grade
5.0
0.25
2.0
2.3
5

Though some of the parameters are non-contractual, some refineries had in the past exercised the clause in fine print called GMQ or
Good Merchantable Quality

118

Malaysian Oil Science and Technology 2017 Vol. 26 No. 2

PALM OIL QUALITY IMPROVEMENT FROM FFB TO PPO

2.

Phasing policy on guest labour to allow for the
evolution to full mechanisation, digital and
available AI applications.

3.

Policy for creation of different grades of palm
oil arising from proposals above in improving
to good and excellent grades of edible CPO.
For example, technical grade oils are for
oleochemicals, biodiesel/fuel and annimal feed.
Food-grade CPO from mills must have HACCP or
ISO22000 certification.

4.

Set up Tripartite Committee led by MPIC to involve
MPOB and Industry stakeholders to set standards
for improving PO quality and specifications
for food and non-food grades of palm oil and

derivatives. R&D should be intensified to cover
surveys on quality and focus on challenges on GE
and MCPDE and their mitigation. All other aspects
of PO quality during milling and refining are to
be done to fill up various gaps/deficiencies in
information/knowledge on the focused process
contaminants as well as on other parameters of
current or future interest.

[Contribution by MOSTA in organizing this Best Practices
Workshop on Palm Oil Quality Improvement from FFB to
PPO, 17-19th July 2017, Petaling Jaya, Malaysia. Compiled by
SH Goh]
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NEWS
FAANG stocks (Facebook, Amazon, Apple, Netflix,
Google’s Alphabet) have gained 59.6% making
investors rich. The technology sector accounts for 23%
of S&P500’s earnings.
Germany leads in Industry 4.0. Robot revolution and
3D-printing have attracted Adidas shoemaking
back to Germany. The automotive industry has for a
long time been well automated. The fully automated
Mercedes Benz factory has nothing left for humans to
do except checking and giving a polishing touch to the
logo and then test-driving out of the factory. Japan has
a totally automated vegetable production factory
(vertical farm, soil-less and with artificial lighting) to
serve its urban population.
Precision farming uses sensors, robots, GPS,
mapping tools and data analytics software. Camera
equipped drones wirelessly send images and data to
and from individual plants (information on leaf size,
shape and moisture needs) and the computer sorts
out the health and stress feedback with the farmer
response using computer calibrated doses of water,
fertilizer or pesticides to plants that need them.
Phenotyping technology selects best response
plants to environmental stress. Variations are
produced to suit conditions. More advances then to
produce enhanced nutrition types.
Microbes engineered to produce fuel from CO2 and
light energy. Production of N-fertilizer is also possible.
Efficiency is 10% compared to 1% in photosynthesis. –
Nocera and Silver of Harvard.
Olixol develops technology to produce natural oil
from separated plant cells May 23, 2017 Nottingham,
UK-based plant culturing and research company Olixol
has launched a “pioneering” technology to enable
scalable production of pure, natural oils from plant
cells
Scientists have identified a new enzyme, named
PLIP1, or Plastid Lipade 1, that interacts with lipids
inside the chloroplast “The enzyme breaks down lipids
that make up the chloroplast’s internal membranes,

vi

the thylakoids, to be precise. The use and recycling
of lipids keeps chloroplast membranes adjusted to
developmental or environmental changes, we are
finding that the chloroplast is responsible for 10% of
seed oil precursors”. – Kun Wang, Michigan State
CRISPER genome editing to correct human genetic
mutations is happening in China.
Blood rejuvenating drug is possible after success in
restoring stem cell properties after work on mice in
universities Stanford and Ulm (Germany).
Rejuvenation limbs by “bioelectric code” has been
tried in worms and frogs. With a cocktail of chemicals
it is possible later to perhaps apply similar work on
mammals. – Tufts university
Smart micro-bubbles can zero in to blood clots,
dissolve them & unclog them to prevent a heart
attack or stroke. New sono-techniques with magnetic
targeting are being examined to bring back microbubbles for clinical thrombolysis.
US tax reform has Europeans worried. Suddenly
the world’s biggest economy has lower corporate
rates than the European giants. Further AI will add
to productivity in the US over the years. This will be
at the expense of manufacturing jobs as AI-enabled
technologies are deployed. Enterprise technology
powered by AI, however will create more jobs than
what has been eliminated.
One Belt- One Road Initiative by China gathers
momentum with Japan finally joining in for a more
economically connected and cooperating Euroasia.
This will encompass more than 5 billion people or
almost 70% of the world’s population and the estimated
$40 trillion spending will be for infrastructure to
facilitate trading of goods and services. The plan will
unleash unimaginable wealth to regions where trade
opportunities provided can bloom.
India to be the 5th economic power in 2018
overtaking UK and France and by 2032 to be ranked
3rd. – Centre for Economics and Business Research
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World’s wealthy became $1 trillion richer in 2017,
four times more than in 2016. The new richest is Jeff
Bezos of Amazon with US$100 billion compared to
No. 2 Bill Gates of Microsoft at $91.3 bln.
The next trillionaire will come from whoever that
can invent/innovate and list the next technology
company to use AI for all industries. This is something
which is considered bigger than the all the previous
industrial revolutions combined together. Deep
learning allows computers to self-learn, self-repair
and self-improve which will be much faster than
humans. The breakthrough technology is waiting
for the next technological revolution to appear even
as autonomous vehicles is considered a miniscule
application of AI.
Autonomous mobile robot (TUG T3) produced by
ST Engineering-owned Aethon in Philadelphia is
serving in hospitals and co-existing with hospital
staff and patients. It is an autonomous mobile
robot that can manage up to 635 kg loads and can
move independently and navigate obstacles. With
interfacing with WiFi-enabled elevators, it can travel
independently between floors. TUG robots have also
been deployed in manufacturing industries and the
next move will be for hospitality, specifically hotel
logistics. – V Chong of ST Engineering
China just announced its first all-electric, zeroemissions cargo ship. However, the ship is being
used to transport coal, which was not factored into
the environmental emissions. The age of electric
transportation has arrived as in 10 years it could be
electric cars outselling internal combustion engines.
Ford is moving its electric car production to Mexico
and it is not about jobs. The robotic factory has little
for humans to do as robots can work day and night
according to coded programmes of ones and zeros.
Lithium battery prices have fallen to about $200
per kw-hr and will be $100 (the tipping point for mass
adoption) before the next decade.
Newly-developed fat-burning patch delivers, via
hundreds of micro-needles, drugs that are known
to turn energy-storing white fat into energyburning brown fat. The team hopes the patch will
help to address the worldwide obesity problem
“without resorting to surgical operations or oral
medication, which could require large dosages and
could have serious side effects. – Prof Chen Peng & Asst
Prof Xu Chenzie, NTU.

Artificial Intelligence and the coming of singularity.
With AI capable of self-learning and self-improvement,
a point will be reached in a chain reaction cycle when
each more intelligent generation is created more
rapidly that could result in super-intelligence.
AlphaGo Zero computer is unbeatable in mind
games. Deep Blue supercomputer first beat the world’s
chess champion 20 years ago, then Watson appeared
in 2011 with facets of AI, machine learning and deep
questioning to help power the chess game.
Quantum computing by Google is coming in 2018.
5G is 100 times faster (in excess of Gbps; Nokia
delivered 10Gbps) than 4G and is becoming reality. But
massive data delivery will still need optical fibers.
Affordable internet. Low Earth Orbit transmission
satellites & micro-routers as roof-top Pods will be
widespread soon to provide internet to rural
areas to overcome the expensive fibre and last-mile
connections.
Toyota’s electric cars will be long range and will
soon be using all solid state batteries that can be
charged in minutes when previously lithium ion
batteries will need 30 minutes to recharge.
Cobalt is needed with lithium batteries but a cobalt
shortage means a future in need of recycling. Like
with lithium and cobalt, it is expected that demand for
vanadium from the rechargeable battery market will
soon explode, growing 10-fold in ~10 years. Vanadium
redox flow batteries are meant to store large
amounts of electricity produced by intermittent
sources like wind and solar.
Detector Sensor Technology using cognitive
microwave radar has appeared that incorporates
AI to be able to learn to sense various objects. Being
compact of the size of a large text-book, it would be
useful for airport scanning for dangerous objects as it
can scan through clothing up to a distance of 6 feet.
There are other possibilities.
Homo sapiens are estimated to be 250-350
thousand years from skulls found in Morocco.
3rd species of orangutan (800 left) has been found
in Sumatra.
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Agriculture, forestry and other land uses together
account for a quarter of greenhouse gas emissions
according to FAO. With increasing affluence, people
want more meat in diets and agriculture and human
choices of food are becoming antagonistic. Red meat
from pastoral ruminants use most agricultural land and
emit most greenhouse methane and carbon dioxide
gases. Farms, tree crops and forests can store large
amounts of carbon and appropriate actions are
required by all nations to bring about environmental
benefits. The 2016 FAO report showed that it would be
possible to increase food security which maintains
or increases forest cover, identifying 22 countries
that have managed to do so.

Now Monsanto has introduced another herbicide
(dicamba) tolerant GM crop and there are concerns
raised that this will harm crops.

Climate change fear. Temperatures have held
steady for 3 years and emissions from fossil fuels
are rising again. Unusual high precipitations (snowstorms, floods and mudslides) are the result of higher
evaporation from rising temperatures of the oceans.

Natural 3-chloro-1,2-propandiol esters (3-MCPDE)
are found in trace amounts in goats milk. – Kuksis et
al, Lipids (1986). 3-MCPDE are also found in human
breast milk at 0.3 to 2 ppm in milk fat. – Zelinkova et
al, Food Add & Contam (2008).

The United Nations International Civil Aviation
Organization (ICAO) has agreed on a new plan to
increase the share of biofuels in aviation and reduce
the industry’s carbon emissions. The plan, titled
‘2050 Vision for Sustainable Aviation Fuels’, was split
into three milestones at 2020, 2040 and 2050, with
usage goals set at an annual 5M tonnes, 128M tonnes
and 285M tonnes, respectively. The growth in aviation
biofuels would be achieved through an increased
reliance on palm oil as it is the cheapest currently
available vegetable oil, but NGOs claimed this would lead
to increased deforestation and environmental pressure.

Codex Alimentarius commission (CAC) bungles in
labelling recommendations – foods labelled as transfree should contain less than 1 g of trans fats per 100 g
of fat and not more that 10% of calories from saturated
fat. The CAC unfortunately fails to understand the
presence of natural trans fats from ruminants and
also in human milk (which can be slightly more than
1%) which is different from partial hydrogenation
which can be as high as several tens of percent. The
10% calories from saturated fat seems to be borrowed
from Food & Drug Administration (FDA) when it is
now recognized that they are not responsible for
cardiovascular risks. The recommendations would
have made human breast milk to be dangerous for
infant consumption. Infant needs for more saturated
fats are not considered.

Biofuels still make up for 96% of total renewable
transportation despite solar popularity. While
electric vehicles will double by 2022, biofuels will still
make up 93% of renewables in transportation – IEA
estimates
Monsanto’s glyphosate tolerant GM crops are still
being allowed another 5 years pending another
review even as IARC has established that glyphosate
is a Class 2A probable carcinogen. However there
is a hue-and-cry in Europe on MCPDE as MCPD
(not MCPDE) has been classified as a Class 2B
possible carcinogen.
viii

In November 2017, Monsanto launched a lawsuit
against California, combating the state’s demand that
Monsanto label its famous Roundup weed killer
as carcinogenic. The reason California is requiring
Monsanto to slap the carcinogenic sticker on Roundup
is because of research from the International Agency
on Research on Cancer (IARC). Recently the agency
ruled that glyphosate, the active ingredient in
Roundup, could be carcinogenic. – A Perry of Wealth
Daily

The problem in nutrition stems from the arrogance
that sometimes accompanies dietary advice. A
little humility could go a long way. Where nutrition
has some trouble is all the confidence or vitriol and
moralism that go with our recommendations. – David
Allison, Univ Alabama
The ancient Greeks warned about hubris — “extreme
pride or arrogance.” It referred to someone who had
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defied his human boundaries… and challenged the
gods themselves.
Black swans have retreated to the background and
so many possibilities of grey swans have surfaced
but these will probably disappear as the whole world
synchronously enter a phase of early exuberance and
prosperity.
It is good to remember that “When goods don’t
cross borders, soldiers will,” 19th-century economist
Frederic Bastiat supposedly argued. A popular thesis
since the 1930s is that a natural progression exists from
currency wars to trade wars to shooting wars. Trade
wars have begun with sanctions against Russia and
tariffs against China’s steel and aluminium as well as
blocked takeovers of US companies.
AI using deep learning will be the biggest
breakthrough than all the industrial revolutions
combined. Deep Learning: breakthrough process in
the way we train computers to process large amounts
of data at a tremendous rate. Artificial Intelligence
research has progressed more in the last five years
than in the last 50 in part because so much more
data is available to use in training the AI computers.
A self-driving car can now see things better than even
humans can!
The good news is that AI and automation aren’t
going to destroy the job market. They will shake
things up and create many new opportunities.
It is about innovation or even invention. It
means providing goods and services faster, more
conveniently and cheaply. It may be disruptive
but it means better livelihood and what people
want. New opportunities may be created which
means more jobs but different types of jobs. This
means better or faster economic growth and new
opportunities for those with the advantage. Examples:
ATM did not get rid of bank tellers but allowed
more banking services to be provided as boring
cash transactions are taken over more efficiently by
machines. Mechanization in agriculture allows greater
efficiency and more production, leaving only the 3rd
world with full employment using the hard manual
labour. Self-checking machines at supermarkets did
not do away with long cashier queues. Autonomous
cars are safer? And replacing truck and cab drivers?
Robotics ease parking in Dusseldorf airport controls
and lifts cars to parking lots and also takes note of

their locations. Robotics are helping in health-care
in routine tasks to free the doctor for greater tasks.
e-Marketing of consumables by Amazon reduces the
need to shopping malls and shops as warehousing
and shipping gets automated. Robotics are coming
next for other paper-pushing services by accountants
and lawyers. All these reduces inflation, makes
things convenient and it creates more free time
for other creative work or creates a boom in the
tourist industry.
Whoever controls AI will control the world –
Vladimir Putin
Be disruptive or be disrupted. Ride-hailing taxis
Grab and Uber have been so successful the commercial
taxi companies have joined in to survive and avoid
withering away. New apps such as GrabPay credits can
even be used for small payments of lunches. Buy the
Disrupter, Sell the Disrupted.
Banks are now evolving into technology services
to keep up with encroachments (crowdfunding)
by the technology sector. In hiring technology
specialists banks are incorporating blockchain
& cryptocurency, mobile, data & analytics into
their business.
Blockchain revolution. The blockchain is an
incorruptible digital ledger of economic
transactions and is the core of cryptocurrencies. Just
adding the magical word blockchain to a company
can cause capitalizations to increase dramatically as
valued by fazed investors.
The telcos now realize that they are becoming little
more than a pipe for products and services and
are providing competitive prices for additional data
or provide pay-TV services. Disruptive over the top
services (WhatsApp and WeChat) have taken a big
slice of traditional voice and messaging services.
Telcos are investing in entertaining providers, digital
advertising, cybersecurity, robotics and AI in the
hope of providing ICT customers more products
and services. e-Commerce meanwhile is riding high
in disrupting the retail sector by making it cheap
and easy for consumers to get goods directly
from companies.
Bitcoin is now capitalized at $275 billion (2017)
which is more than Buffet, Boeing and the New
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Zealand economy (and also economies of Qatar, Kuwait
and Hungary). A new intrinsic valuation comes from
the power to blockchain technology, after all people
can have faith in paper currencies that governments
can print out of thin air; compare the $200 trillion in
paper/plastic money and metals used all over the
world as currencies.
Munger told Buffett, “A great business at a fair price is
superior to a fair business at a great price.”
1-Tap App does everything – order, pay, chat, review,
maps, bank 1-Tap App allows many applications of
Internet in a single application at the same time, will be
bigger than other social media and financial platforms
and will provide highest convenience level for all of
Internet services on this.
CPO prices are weakening affected by rising stocks
as recovery of supplies is seen after the severe El
Nino drought. The world is facing an excessive supply
situation with previous-years’ expansions in palm and
soybean plantings. Low petroleum prices in 2017
have also caused enthusiasm for biofuels to wane
coupled with the US abandoning climate-change
mitigating accords.
GDP Rankings: 1. Central African Republic US$656
(poorest); 2. Democratic Republic of Congo; … 46.
Cambodia $3,735; … 62. Vietnam $6,421; … 64. India
$6,658; … 69. Philippines $7,696; … 90. Indonesia
$11699; … 109. China $15,423; … 113. Thailand $16,835;
… 141. Malaysia $27,234; … 152. Israel $34,833 (high
income); … 171. Germany $48,189; … 172. Australia
$48,806; … 177. US $57,293; … 178. Hong Kong $58,094;
… 179. Switzerland $$59,375; … 186. Singapore
$87,082; … 189. Qatar $129,726 (richest).
Worldwide poverty rates: war-torn Syria 82.5%,
Madagascar 75.3%, Zimbabwe 72.3%, Myanmar 32.7%,
Philippines 25.2%, Laos 22%, Thailand 12.6%, Indonesia
11.3% and Malaysia 3.8%.
20 Million risk starvation and 9 million die of
starvation yearly; 10 Starving Nations – 1. Burundi
73% undernourished; 2. Eritea; 3. Comoros; 4. Timor
Leste; 5. Sudan; 6. Chad; 7. Yemen; 8. Ethopia; 9.
Madagascar; 10. Zambia, 47% undernourished.
Poor Diets account for 1 in 5 deaths worldwide.
Deaths from coronary heart disease has increased 19%

x

in the past 10 years globally while diabetes increased
31.1% with corresponding obesity. The blame is on
diets low in whole grains, fruit, nuts, seeds and fish but
high in salt and sugar. Food related risk factors remain
the same: high blood glucose, high blood pressure,
high BMI and high total cholesterol. Notably there
are “exemplar nations” with better life expectancy:
Ethiopia, the Maldives, Nepal, Niger, Peru,
and Portugal.
WHO Obesity and Overweight Data. In OECD
countries one in two adults and nearly one in six
children are overweight or obese. Adult obesity
rates are highest in the US, Mexico, New Zealand
and Hungary while Japan and Korea are lowest.
Worldwide obesity has nearly tripled since 1975. In 2016
more than 1.9 billion adults (39%) were overweight
and of these 650 million (13%) are obese. Vietnam and
India have the lowest rates of obesity (1.7% and 1.9%
respectively) in Asia Pacific. Malaysia has the highest
obesity prevalence at 14% in SE Asia. High obesity
rankings for other countries are: Australia (26.8%),
New Zealand (28.3%), UK (26.9%) and US (33%).
A person’s footprint ranges vastly across the globe,
from eight or more “global hectares” (20 acres or more)
for the biggest consumers in the United Arab Emirates,
the US, Kuwait and Denmark, to half a hectare in the
Democratic Republic of Congo, Haiti, Afghanistan
and Malawi. The global average consumption was
2.7 hectares a person, compared with a notional
sustainable capacity of 2.1 hectares.
Gene editing technology will make GMO crops
obsolete and possibly eliminate hunger. There will
be no unnecessary starvation and death of 3 million
children yearly and 815 million people will no longer
lack adequate nutrition to lead a healthy and active
life. GMOs have caused concerns of potential long term
hazards because of foreign viral genes and recently
Monsanto’s herbicide tolerant varieties are harming
crops and possibly causing cancer to humans. Gene
editing promises potential of making crops resilient
to environmental conditions, ability to give the
crop its own immune system to repel pests. Food
products will last longer, enriched to have more
essential nutrients and crops provide higher yields.
“The patent system added fuel to the fire of genius”
– Abraham Lincoln. Build a better mousetrap and
the world will beat a path to your door. – Emerson?
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“Huawei has not succeeded; we have just been
growing.” And “Failure will one day arrive at our
doorstep, so we must be prepared to welcome it,”
– Founder Ren Zhengfei of Huawei, now the world’s
largest telecommunications equipment manufacturer.
But in 1992, the CEO of Intel said the idea of a personal
communicator in every pocket is a pipe dream
driven by greed. Further in 2007, the CEO of Microsoft
said there was no chance the iPhone was going to get
any significant market share.
Step aside TESLA, who is selling large batteries and
the control systems for Daimler? Drones have been
used as flying taxis!
Action is the foundational key to all success. – Pablo
Picasso
“They (Huawei) were like a handful of ants taking on a
herd of elephants.” – Tian Tao, author of the book on
Huawei: Leadership, Culture and Connectivity
“Much of what we consider valuable in our world arises
out of (these) one-sided conflicts. Because the act of
facing overwhelming odds, produces greatness and
beauty.” – Malcolm Gladwell
Virality in spreading, e.g, demographic use of Angry
Birds.
Good and bad deflation. It has been interesting
times as the monetary authorities sees that inflation
fails to meet the 2% magical number year after year.
So the indecision over rate rises even small ones seen
the last year. Hidden inflation comes from deflation
as deflation lowers the real price level, which in
turn increases the real interest rate (the real rate is
the nominal rate minus deflation). Technological
advances has been the cause of “good” deflation
as productivity rises and lower costs so that core
necessities remain uninflated or disinflated. Central
bank authorities however distorts the economy in
the face of any sign of deflation so that there can
be inflation in asset prices and big-ticket items.
Present light monetary tightening (QT) seems to be

an anticipation of the beginning of an inflation cycle
where the authorities will be able to deal with when it
comes by repeating QE and low rates.
Interest rates in Dec 2017 to 2018 are still historically
low because of competitive QE by global central
banks; for the first time they are funneling trillions of
dollars directly into equities after talk of helicopter
money for a long time. In terms of Buffet value investing,
interest rates were then higher when investments
could make money even when the price of money was
more expensive. There are many distortions, interest
hikes may have to come about by the FED strategy in
the face of stubbornly low inflation (<2%) but any pain
to the people will have to come to a halt come midterm election time. Meanwhile conditions still favour
value investing in undervalued stocks, growth
companies, for high dividend yields and rely on the
power of compounded investing.
“Compound interest is the eighth wonder of the
world. He who understands it, earns it … he who
doesn’t … pays it.” Albert Einstein
American debt has grown to unprecedented
highs that cannot realistically be repaid even as
the economy seems to be booming. The middle class
and the working class are not benefiting (miniscule or
negative wage increases since 1971) from productivity
increases due to technology advances which are
only enjoyed by the approximately 1% elite asset
owners, and consequently the huge gap of wealth
disparity. The average wage earner are forced to
borrow and debts are mind boggling: $1.5 trillion
in education loans, $1 trillion in credit card loans and
$1 trillion auto loans. The total US consumer debt is
estimated at $13 trillion. It is not known how much
of the debt have been repackaged into marketable
investment articles similar to what was previously
done for housing mortgages before the last great
financial crisis.
The borrower is the servant of the lender. –
Proverb. Now-a-days banks and corporations enslave
consumers who buy more than they can afford. Being
in debt is the modern form of slavery.
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The US is sending new signals 9 years after the
great financial crisis in 2008. Bond yields though
distorted by QE is flattening and a weak slope or
gap between long term and short term yields means
something like the market peak in Oct 2007 or a
time of a late market cycle. The equity markets are
however giving different signals. There is value
creation and performance beating expectations in the
high growth new technology economy typical of midphase of market cycle but then there are share buybacks. There is no switch to defensive stocks that cope
well in late cycle situations. Manufacturing is surging,
strong new orders appearing, low inventories need
restocking, all these point to further growth much
of which is boosted from overseas. China’s debt
concern is fading away with new growth but most
importantly bond yields are being held down by QE
now in full swing in Japan and the EU. It looks like
an extended cycle or a start of a mini-cycle boom
of the US helped by the rest of the world with the
prospect of a cheaper dollar. Only if inflation comes
back or central banks reverse aggressively will make
this to be the tail of this long cycle of US growth, even
as it is distortion that is now being seen and little
understood. Again, famous words that this time will
be different have appeared.
“There are more things in heaven and earth,
Horatio, than are dreamt of in your philosophy (or your
economics),” as Hamlet reflected.
US President is on the way to execute “big, beautiful
fat tax cuts” but unintended consequences may be
to benefit exporters from Germany, Japan and China.
Reduction in tax raises disposable income and business
spending, all of which lead to increasing demand of
imports. Fiscal debt will increase immediately from
the need for deficit spending but would unlikely to
have a guaranteed balance from taxes of returning US
companies. US faces short and long term problems
such as huge debts and deficits after massive
monetary creation, national debt ceiling, competitive
impediments to US businesses to export and now a
probable increase in trade deficits. Any appearance of
inflation of the elusive >2% and an aggressive planned
interest rate hikes could be the trigger for a financial
crisis and economic downturn of the US.

After almost a decade of post financial crisis stress
syndrome, there is now great optimism. There
are great investment trends: AI, automation, 4th
Industrial revolution prospects, autonomous electric
vehicles, blockchain technology and cryptocurrencies.
At what point will the tide finally reverse? The answer,
coming by way of Credit Suisse’s Andrew Garthwaite:
The inflection in central bank balance sheets comes
in Q3 2018. Q3 2018… sometime between next July
1 and Sept. 30. That’s when this Garthwaite fellow
says: The contraction in the Fed’s balance sheet...
will start to exceed the purchase of assets by the
ECB and BoJ… “As Credit Suisse pointed out and as
Citi confirms,” says Zero Hedge, “In roughly 12 months,
the world is about to have its first period of aggregate
central bank balance sheet contraction, even as the
flow is already shrinking at a rapid pace.”
Likely triggers could include a major bank failure,
a failure to deliver physical gold, a war, a natural
disaster, a cyber–financial attack and many other
events. The new crisis will be of unprecedented scale.
This is because the system itself is of unprecedented
scale and interconnectedness. Capital markets and
economies are complex systems. Collapse in complex
systems is an exponential function of systemic scale.
In complex dynamic systems that reach the critical
state, the most catastrophic event that can occur
is an exponential function of scale. You double the
system but you do no double the risk as it factors by 5
or even 10.
The US President tweeted that he is a “very stable
genius” to be able as a businessman to be elected
President in a fortified US political system, in response
to “like a child” temperament by Michael Wolff who
wrote the “Fire and Fury” book. The world shuddered to
hear of tweets that the President had “bigger nuclear
button” on his desk and “it works” in response to
North Korea leader’s boast of a “nuclear button”. Yet
through all the social media antics a rare achievement
is beginning to be realized that something needs to
be done to jolt Western capitalism in an advanced
stage of decay. This may be the overdue awakening
that decadent democratic societies need as other
leaders continue to wear their masks of disguise
in muddling through their social, political and
economic problems.

Oscar Wilde famously scolded those “who know the
price of everything and the value of nothing.”

xii
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“The whole secret lies in confusing the enemy, so
that he cannot fathom our real intent.”
— Sun Tzu, The Art of War
The present debt crisis has moved on from an
economic problem to be an explosive political
crisis. The present age will not allow ancient-type
solutions (revolutions) where the troubled majority
working class need to right extreme inequalities
by removing the super-rich aristocratic or feudal

classes. However, there is a biblical solution and has
been tried in some countries previously. Leviticus 25
describes debt Jubilee as a time of forgiving debt,
freeing of slaves and returning of lands. So it will
be a debt Jubilee for the US and probably masked as
a National Restoration or something equivalent. This
will mean the melt-down of the stock markets and
the collapse of numerous companies but before these
the financial elites would have been prepared for a
great depression.
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